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Circular RNA and preparation method thereof

Technieal field
The present invention relates to the field of biomedicine, in particular, to an engineered
circular RN A molecule, a pharmaceutical composition comprising the same, and use thereof. The

present invention also relates to the vector as well as the method used for preparing the same.

Background

Circular RNA is a common type of RNA in eukaryotes. Naturally occurring circular RNAs
are primarily produced by a molecular mechanism within cells called "back-splicing”. Eukaryotic
circular RNAs have been found to have a variety of molecular and cellular regulatory functions.
For example, circular RNAs can regulate the expression of target genes by binding to microRNAs.
Circular RNAs can also regulate gene expression by directly binding to target proteins.

Due to its circular nature, circular RNA has a longer half-life than linear mRNA, so it is
speculated that circular RNA synthesized in vitro may have higher stability. Methods of forming
circular RNAs in vitro include the chemical method, the enzymatic catalysis method, and the
ribozyme catalysis method. Chemical methods are expensive and the size of the circular RNA
molecules that can be produced is limited. The enzymatic method mainly utilizes T4 RNA ligase
to catalyze the circularization of linear RNA, and the size of RNA payload that can achieve
circularization is also limited. Ribozyme catalysis (e.g., based on Group I introns) is a promising
method for the preparation of circular RNAs.

The natural Group I Intron system can undergo cleavage and ligation reactions to form
circular intronic RNAs. A specific cleavage site conserved sequence located in the 5' exon El is
cleaved by the nucleophilic attack of the free 3' hydroxyl group of guanosine triphosphate,
resulting in a naked 3' hydroxyl group, while the guanylate binds on the cleaved 5' exon El. After
that, the exposed 3' hydroxyl group at the 5' end of the intron attacks the conserved sequence
between the 3' end of the intron and the exon E2, the exon E2 is excised, and the intron undergoes
a circularizing reaction to obtain a circular intronic RNA. An improved ribozyme-catalyzed
approach derived from Anabaena tRNA introns has been reported for the formation of circular
RNAs in vitro, termed the “Group I permuted intron-exon self-splicing system, PIE system”. This
method can excise the intron to form circular RNA containing exons. Therefore, this method has
the potential to form expressible circular RNAs. The basic design principle of the PIE system is to
connect the exon El sequence and E2 sequence end to end by molecular cloning to form a
continuous circular plasmid. The intron is cleaved by restriction endonuclease to obtain a linear

plasmid. Then, in vitro transcription is performed through the T7 promoter upstream of the
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permuted 3’ intron to obtain a linear RNA containing a 3' intron-E2-E1-5' intron structure. Similar
to the natural Group I intron system, the specific cleavage site conserved sequence of exon El is
cleaved by the nucleophilic attack of the free 3' hydroxyl of guanylate, and the exon E1 produces
a naked 3" hydroxyl, while the guanylate binds to the cleaved 5' intron. Subsequently, the exposed
3' hydroxyl of exon El attacks the conserved sequence between the 3' intron and exon E2, the 3'
intron is excised, and exon E2 and E1 undergo a circularizing reaction to obtain circular E1-E2
RNA.

However, Group I Introns available for in vitro circularization in the prior art are limited and
only a few of them have been proved to be useful in the PIE system to form circular RNAs.
Therefore, there is a need in the art to develop new Group [ Introns which can be used or in vitro

RNA circularization with high efficiency.

Summary of the invention

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3 self-splicing intron fragment; and

b) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from the Group I introns and Group II introns, for
example, the self-splicing intron is sclected from Group I introns,

wherein the 3’ self-splicing intron fragment is derived from a 3° terminal portion of a self-
splicing intron starting from an intron internal split site I to the 3' end of the self-splicing intron,
and the 5’ self-splicing intron fragment is derived from a 5’ terminal portion of the self-splicing
intron starting from the 5' end of the self-splicing intron to an intron internal split site II.

In aspects and embodiments of the present invention, the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group 1 Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet group [ intron (Sh), or Agrobacterium-tumefaciens group I intron
(At).

In aspects of the present invention, the circular RNA precursor further comprises a homology
arm sequence I upstream of the 3° self-splicing intron fragment and a homology arm sequence I
downstream of the 5° self-splicing intron fragment.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
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comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a first residual circularizing element;

¢) a nucleotide sequence of interest;

d) a second residual circularizing element; and

e) a5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site 1T at its 5° end and a circularizing
sequence fragment I comprising a ribozyme recognition site I at its 3’ end,

wherein the circularizing sequence fragment I is derived from a 5 terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the
ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment II to form the circularizing sequence.

In embodiments, the circularizing sequence is a protein-coding sequence, a non-coding
sequence, a translation initiation element (TIE), or a non-TIE functional element.

In embodiments, the nucleotide sequence of interest further comprises one or more sequences
selected from the following group between the circularizing sequence fragment II and the
circularizing sequence fragment I: at least one protein coding sequences, translation initiation

element (TIE), a non-TIE functional eclement, at least one non-coding sequence, or any
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combination thereof.

In embodiments, the ribozyme recognition site I comprises or consists of from 5 to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3' direction:

a) a 37 self-splicing intron fragment ;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5'to 3' direction: a protein-coding
sequence fragment I1, a translation initiation clement such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequences, and the protein-coding sequence fragment II is derived from
a 3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site IT, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment ;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding

sequence fragment I1, a translation initiation element such as an internal ribosome entry site (IRES),
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and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is the 5’ terminal portion of the protein-
coding sequences, and the protein-coding sequence fragment I1 is the 3 terminal portion of the
protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the protein-coding sequence.

In embodiments, the at least one protein-coding sequence is a sequences encoding a
diagnostic or therapeutic protein. In embodiments, the protein encoded by the protein-coding
sequence is a mammalian protein, for example a human protein. In embodiments, the at least one
protein-coding sequence comprises at least two protein-coding sequences. In embodiments, the at
least one protein-coding sequence is a sequence encoding two or more proteins. In embodiments,
the at least one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic
protein. Such at least two protein-coding sequences are operably linked with each other by spacers,
2A sequence or further translation initiation elements. In embodiments, a further translation
initiation element is operably linked between any two adjacent protein-coding sequences. In
embodiments, the translation initiation element is selected from an IRES sequence, a 5> UTR
sequence, a Kozak sequence, a sequence containing m®A modification, a sequence complementary
to ribosome 18S rRNA, or any combination thereof. In embodiments, the translation initiation
element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
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initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment I is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation clement fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3” end, the translation initiation element fragment II comprises a ribozyme recognition site II
located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment 1II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment I is the 5’ terminal portion of a translation
initiation element, and the translation initiation element fragment I is the 3’ terminal portion of
the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3” end, the translation initiation element fragment II comprises a ribozyme recognition site II
located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a

mammalian protein, for example a human protein. In embodiments, the at least one protein-coding



WO 2024/193634 PCT/CN2024/082941

sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
Such at least two protein-coding sequences may be operably linked with each other by spacers, 2A
sequence or further translation initiation elements. In embodiments, the translation initiation
element is selected from an IRES sequence, 5 UTR sequence, Kozak sequence, a sequence
containing m6A, a sequence complementary to ribosome 18S rRNA, or any combination thereof.
In embodiments, the translation initiation element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a3’ self-splicing intron fragment;

b) anucleotide sequence of interest;

¢) a5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5 to 3’ direction: a non-TIE
functional element fragment 11, a translation initiation element, and at least one protein-coding
sequence, and a non-TTE functional element fragment I;

wherein the non-TIE functional element fragment I is derived from a 5’ terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment II is derived
from a 3’ terminal portion of the non-TIE functional element, and the non-TIE functional element
fragment I comprises a ribozyme recognition site I located at its 3” end, the non-TIE functional
fragment II comprises a ribozyme recognition site II located at its 5” end, wherein in the generated
circular RNA the ribozyme recognition site T is connected with the ribozyme recognition site II,
and thus the non-TIE functional element fragment I is connected with the non-TIE functional
element fragment II to form the non-TIE functional element.

In embodiments, the non-TIE functional element is a 3° UTR or a replicon. In embodiments,
the at least one protein-coding sequence comprises at least two protein-coding sequences. Such at
least two protein-coding sequences may connect with each other by spacers, 2A sequence or further

translation initiation elements. In embodiments, the translation initiation element is selected from



WO 2024/193634 PCT/CN2024/082941

an IRES sequence, 5’ UTR sequence, Kozak sequence, a sequence containing m®A modification,
a sequence complementary to ribosome 18S rRNA, or any combination thereof. In embodiments,
the translation initiation element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5 to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest;

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3’ direction: a non-coding
sequence fragment II, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment 11 is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment I comprises a ribozyme
recognition site I located at its 3’ end, the non-coding sequence fragment II comprises a ribozyme
recognition site II located at its 5’ end, wherein in the generated circular RNA the ribozyme
recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
sequence fragment I is connected with the non-coding sequence fragment II to form the complete
non-coding sequence.

In embodiments, the non-coding sequence is an endogenous circular RNA. In embodiments,
the nucleotide sequence of interest further comprises one or more non-coding sequences between
the non-coding sequence fragment I and the non-coding sequence fragment I1.

In embodiments, the ribozyme recognition site T comprises or consists of from 5 to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In aspects of the present invention, the protein-coding sequence is a sequence encoding an
aquaporin protein, such as AQP-1 protein or a protein having the same activity as the AQP-1
protein and derived from the AQP-1 protein through substitution, deletion or addition of 1,2, 3, 4,

5, 6,7, 8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein. In
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embodiments, the AQP-1 protein is a mammalian AQP-1 protein, in particular, a human AQP-1
protein.

In another aspect, it is an object of the present invention to provide a nucleic acid vector for
generating a circular RNA molecule, said vector comprises a coding sequence of the circular RNA
precursor as described above.

In another aspect, it is an object of the present invention to provide a circular RNA
polynucleotide, which is prepared from the circular RNA precursor as described above or from the
nucleic acid vector as described above. In embodiments, the circular RNA polynucleotide of the
present invention has a duration of in vivo expression of at least 24 hours (1 day), for example, 36
hours, 48 hours, 72 hours, 96 hours, 5 days, 10 days, 15 days, 16 days, 17 days, 18 days, 19 days,
20 days or more. In another aspect, it is an object of the present invention to provide use of the
circular RNA precursor as described above and/or the circular RNA as described above as an
expression vector. In embodiments, the expression vector is used to express one or more diagnostic
or therapeutic proteins.

In another aspect, it is an object of the present invention to provide a pharmaceutical
composition comprising the circular RNA precursor as described above and/or the nucleic acid
vector as described above and/or the circular RNA as described above, and a pharmaceutically
acceptable carrier.

In another aspect, it is an object of the present invention to provide a method for preparing a
circular RNA, comprising;:

1) providing the circular RNA precursor as described above or obtaining a circular RNA
precursor by transcribing from the nucleic acid vector as described above;

2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

In another aspect, it is an object of the present invention to provide a method for preparing a
circular RNA, comprising

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to
produce a circular RNA.

In another aspect, it is an object of the present invention to provide a method for purifying a

circular RNA, comprising:
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a) contacting a mixture comprising the circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
the circular RNA-specific probe; and

c) releasing the circular RNA from the complex.

In another aspect, it is an object of the present invention to provide a method for purifying a
circular RNA, comprising:

1) contacting a mixture comprising the circular RNA and the circular RNA precursor to a
linear circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor; and

if) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture,

ii1) collecting the circular RNA-containing mixture obtained in step ii), and

optionally, steps 1)-ii1) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In another aspect, it is an object of the present invention to provide a method for purifying a
circular RNA, comprising:

i) adding a linear RNA-specific tag to the linear RNA in a mixture comprising circular RNA
and linear RNA;

i1) contacting the mixture comprising circular RNA and linear RNA with a linear RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

iii) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

iv) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps 11)-1v) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In another aspect, it is an object of the present invention to provide a product expressed by
the circular RNA as described above, the circular RNA prepared by the method as described above
or the circular RNA purified by the method as described above.

In yet another aspect, it 1s an object of the present invention to provide a pharmaceutical
composition comprising the circular RNA precursor as described above and/or the nucleic acid
vector as described above and/or the circular RNA as described above and/or the circular RNA
prepared by the method as described above and/or the circular RNA purified by the method as

described above, and a pharmaceutically acceptable carrier.

10
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In yet another aspect, it is an object of the present invention to provide a method for
preventing or treating a disease or condition in a subject, comprising administering to a subject the
circular RNA as described above, the circular RNA prepared by the method as described above or
the circular RNA purified by the method as described above, or the pharmaceutical composition
as described above.

In another aspect, it is an object of the present invention to provide use of the circular RNA as
described above, the circular RNA prepared by the method as described above or the circular RNA
purified by the method as described above, or the pharmaceutical composition as described above
in the manufacture of a medicament for preventing or treating a disease or condition in a subject.

In some aspects, it is an object of the present invention to provide a method of screening a
target open reading frame (ORF) sequence encoding a target polypeptide for a nucleotide motif,
comprising steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > 1;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codons; and

3) identifying nucleotide sequences obtained from step 2) that match the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
precursor.

In some aspects, it is an object of the present invention to provide a system for screening a
target open reading frame (ORF) for a nucleotide motif, wherein the target open reading frame
(ORF) is a nucleotide sequence encoding a target polypeptide, and the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which is used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequences
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target

11
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codon sequence contain a nucleotide sequence that exactly matches the nucleotide motif;
wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU.

In some aspects, it is an object of the present invention to provide a method for screening a
target internal ribosome entry site (IRES) for a nucleotide motif, comprising steps of:

1) identifying regions of non-conserved sequences of the target IRES by comparing the target
IRES with the other IRES sequences from the same viral subgenus, through multiple sequence
alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some aspects, it is an object of the present invention to provide a system for screening a
target internal ribosome entry site (IRES) for a nucleotide motif, wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conservative
sequences;

b) a low-structure prediction module, which is used for determining a low-structure region
within the target IRES according to the result of the multiple sequence alignments of the target
IRES; and

¢) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some aspects, it is an object of the present invention to provide a screening method for
screening a target non-TIE functional element for the nucleotide motif in ribozyme recognition
site I, comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as 3° UTR or a replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.
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In some aspects, it is an object of the present invention to provide a system for screening a
target region sequence in a non-TIE functional element sequence (such as 3° UTR or a replicon)
for a nucleotide motif, wherein the screening system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

It is to be understood that each of the method of prevention or freatment embodiments herein can

also be formulated as corresponding use type embodiments.

Brief description of the figures

Figure 1. Different PIE designs of Azoarcus Group I Intron (Azop).

Figure 2. The circularization efficiency of Azop with different PIEs.

Figure 3. PIE design of Scytalidium dimidiatum Group I Intron (S.d).

Figure 4. The circularization efficiency of S.d with different PIEs.

Figure 5. Different PIE designs of Staphylococcus phage Twort Group I Intron (Twort).

Figure 6. The circularization efficiency of Twort with different PIEs.

Figure 7. Different PIE designs of Scytonema hofmanii Group I Intron (Sh).

Figure 8. The circularization efficiency of Scytonema hofmanii (Sh).

Figure 9. Circularization efficiency of IL2 with different Group I Introns of the present
invention.

Figure 10. The RNA circularization efficiency of Agrobacterium-tumefaciens Group I Intron
(At).

Figure 11. Homology arm (HA) design: structure prediction of precursors with different HAs.

Figure 12. The circularization efficiency of AnaX-IL2 with different Homology arms.

Figure 13. Analysis of the correlation between circularization efficiency and average base
MFE of Homology arm.

Figure 14. Design of CLEAN-PIE on ORF or IRES from PIE.

Figure 15. Design of CLEAN-PIE on functional element from PIE.

Figure 16. Sequence and structure of CLEAN-PIE designs for 1L2.

Figure 17. The circularization efficiency of AnaX Clean PIE for IL2.

Figure 18. Different CLEAN-PIE Designs for circular RNA polynucleotides expressing the
AQP1 protein (CLEAN-PIE circAQP1).

Figure 19. The circularization efficiency, translation and immunogenicity of Clean PIE for
circAQP1 (CLEAN-PIE circAQP1).
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Figure 20. The effect of miRNA target sites in circRNA on expression level.
Figure 21. The effect of UTR on circRNA translation.
Figure 22. CLEAN-PIE circAQP1 expression in salivary glands in rats.

Figure 23. Representative images of IHC staining for AQP1 expression in salivary glands.

Detailed description of the invention

In the present invention, unless indicated otherwise, the scientific and technological
terminologies used herein refer to meanings commonly understood by a person skilled in the art.
Also, the terminologies and experimental procedures used herein relating to protein and nucleotide
chemistry, molecular biology, cell and tissue cultivation, microbiology, immunology, all belong to
terminologies and conventional methods generally used in the art. For example, the standard DNA
recombination and molecular cloning technology used herein are well known to a person skilled
in the art, and are described in details in the following references: Sambrook, J., Fritsch, Efland
Maniatis, T., Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory Press:
Cold Spring Harbor, 1989. In the meantime, in order to better understand the present invention,
definitions and explanations for the relevant terminologies are provided below.

As used herein, the singular forms "a," "an,”" and "the" include plural referents unless the
context clearly dictates otherwise. It is further noted that the claims may be drafted to exclude any
optional element. For example, a circular RNA precursor refers to one or more circular RNA
precursors. As such, the terms "a", "an", "one or more” and "at last one" can be used
interchangeably. For example, the term “at least one™ refers to one, two or more. This statement is

"o

intended to serve as antecedent basis for use of such exclusive terminology as "solely,” "only" and

the like in connection with the recitation of claim elements, or use of a "negative" limitation.
Similarly the terms "comprising", "including” and "having" can be used interchangeably.

As used herein, the term "and/or" encompasses all combinations of items connected by the
term, and each combination should be regarded as individually listed herein. For example, "A
and/or B" covers "A", "A and B", and "B". For example, "A, B, and/or C" covers "A", "B", "C",

"Aand B", "A and C", "B and C", and "A and B and C".

"on "

As used herein, "about, " "approximately, " "substantially, " and "significantly" will be
understood by persons of ordinary skill in the art and will vary to some extent on the context in
which they are used. If there are uses of these terms which are not clear to persons of ordinary skill
in the art given the context in which they are used, "about" and "approximately" will mean plus or
minus <10% of the particular term and "substantially” and "significantly" will mean plus or
minus >10% of the particular term.

In the present application, "optional" or "optionally" means that the subsequently described
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event or circumstance may or may not occur, and that the description includes instances where
said event or circumstance occurs and instances in which it does not.

"Polynucleotide"”, "nucleic acid sequence”, "nucleotide sequence”, or "nucleic acid fragment"
are used interchangeably to refer to a polymer of RNA or DNA that is single- or double-stranded,
optionally containing synthetic, non-natural or altered nucleotide bases. Nucleotides (usually
found in their 5'-monophosphate form) are referred to by their single letter designation as follows:
"A" for adenylate or deoxyadenylate (for RNA or DNA, respectively), "C" for cytidylate or
deoxycytidylate, "G" for guanylate or deoxyguanylate, "U" for wuridylate, "T" for
deoxythymidylate, "R" for purines (A or G), "Y" for pyrimidines (C or T), "K" for G or T, "H" for
Aor Cor T, "I" for inosine, and "N" for any nucleotide. Although the nucleotide sequences herein
may be represented as DNA sequences (comprising T(s)), when referring to RNA, one skilled in
the art can readily determine the corresponding RNA sequence (i.e., replacing T with U).

For example, the nucleotide sequence of interest in the present invention can be a non-coding
sequence, such as an antisense RNA, aptamer, guide RNA, or non-coding RNA existing in any
organism.

Sequence "identity" has recognized meaning in the art, and the percentage of sequence
identity between two nucleic acids or polypeptide molecules or regions can be calculated using the
disclosed techniques. Sequence identity can be measured along the entire length of a
polynucleotide or polypeptide or along a region of the molecule. (See, for example, Computational
Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993; Computer
Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and
Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York,
1991). There are many methods for determining sequence identity. An example of algorithms
suitable for determining percent sequence identity is the algorithm used in the Basic Local
Alignment Search Tool (hereinafter "BLAST"), see e.g., Altschul et al., J. Mol. Biol. 215:403-410,
1990 and Altschul et al, Nucleic Acids Res., 15:3389-3402, 1997. Software for performing BLAST
analysis is publicly available through the National Center for Biotechnology Information
(hereafter "NCBI"). Default parameters used to determine sequence identity using software
available from NCBI (such as BLASTN for nucleic acid sequences) are described in McGinnis et
al. Nucleic Acids Res., 32: W20-W25, 2004.

A polynucleotide sequence (e.g. a RNA polynucleotide sequence or its fragments) "derived
from" a designated polynucleotide sequence means the former polynucleotide sequence is

originated from the latter. In some embodiments, the polynucleotide sequence which is derived
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from a particular polynucleotide sequence has a polynucleotide sequence that is identical,
essentially identical or homologous to that particular sequence or a fragment thereof.
Polynucleotide sequences derived from a particular polynucleotide sequence may be variants of
that particular sequence or a fragment thereof. For example, it will be understood by one of
ordinary skill in the art that the circular RNA molecules suitable for use herein may be altered such
that they vary in sequence from the sequences from which they were derived, while retaining the
desirable activity thereof."Circular RNA precursor” herein refers to a linear RNA molecule capable
of forming a covalently linked closed circular RNA molecule, e.g., by self-splicing. The circular
RNA precursor may be produced by transcription from a nucleic acid vector comprising a coding
sequence of the circular RNA precursor. Alternatively, the circular RNA precursor may also be
obtained by chemical synthesis.

In some embodiments, the circular RNA precursor is capable of forming a covalently linked
closed circular RNA molecule by self-splicing under the action of the self-splicing intron
fragments and the residual circularizing elements.

As used herein, the term "self-splicing intron" refers to an intron having self-splicing
ribozyme activity and capable of excising itself and joining two flanking exons. In some
embodiments, the splicing is autocatalytic splicing.

"Self-splicing introns" include, but are not limited to, Group I introns and Group II introns.
Group I introns contain 14 subgroups, while most of the Group I introns belong to the IC3
subgroup. For example, the Group I intron may be a Group I intron of the cyanobacterium
Anabaena belonging to the IC3 subgroup or a Group I intron from a T4 phage Group I intron
belonging to the [A2 subgroup or a Group I intron from Azoarcus sp. BH72 belonging to the IC3
subgroup. Additional examples of self-splicing introns useful in the present invention include, but
are not limited to, self-splicing introns derived from the following organisms: Enterobacteriophage
T4, Bacteriophage Twort, Bacteriophage SPOI1, Bacteriophage S3b, Bacillus anthracis,
Clostridium botulinum, Tetrahymena thermophila , Dunaliclla parva, Pneumocystis carinii,
Physarum polycephalum, Anabaena sp. PCC7120, Scytonema hofmanni, Agrobacterium
tumefaciens, Synechocystis PCC 6803, Synechococcus elongatus PCC 6301, Neurospora crassa,
Candida albicans, Scytalidium cerradiumydiaces, Pediadiaces Chlamydomonas nivalis, Chlorella
vulgaris, Amoebidium parasiticum, Neurospora crassa, Emericella nidulans, Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Neochloris aquatica, Dunaliella parva, Symkania
negevensis, Emericella nidulans. See e.g., Vicens, Q., et al., (2008). Toward predicting self-
splicing and protein-facilitated splicing of group I introns. RNA 14: 2013-2029; Tanner, A. M., et
al., (1996). Activity and thermostability of the small self-splicing group I intron in the pre-tRNAIIe
of the purple bacterium Azoarcus. RNA 2:74-83.
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In some embodiments, the self-splicing intron is selected from the following group:
cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet Group I Intron (Sh), or Agrobacterium-tumefaciens Group I
Intron (At). For example, the self-splicing intron is selected from a nucleotide sequence of any one
of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 1-6.

In some embodiments, the 3’ self-splicing intron fragment and the 5’ self-splicing intron
fragment are derived from a same self-splicing intron. In some embodiments, the 3’ self-splicing
intron fragment is derived from or contains a 3’ terminal portion of the self-splicing intron (a native
self-splicing intron), and accordingly the 5° self-splicing intron fragment is derived from or
contains a 5’ terminal portion of the self-splicing intron (a native self-splicing intron). In some
embodiments, the 3” self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of the self-splicing intron (a native self-splicing intron).

In some embodiments, the self-splicing intron is a Group I intron. In some embodiments, the
self-splicing intron is a Group I intron of the TA2 or IC3 subgroup, preferably IC3 subgroup.

In some embodiments, the 3’ self-splicing intron fragment is a 3' Group I intron fragment. In
some embodiments, the 5’ self-splicing intron fragment is a 5' Group I intron fragment.

As used herein, a 3' self-splicing intron fragment (e.g., a 3' Group I intron fragment) is a
sequence that is at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99% or 100% identical to the 3' terminal portion of a native self-splicing intron (e.g., a Group
I intron). A 5' self-splicing intron fragment (e.g., a 5' Group I intron fragment) is a sequence that
is at least 75%, e.g., at least 80%, at least 81%), at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identical to the 5' terminal portion of a native self-splicing intron (e.g., a Group I intron).

It is generally believed that in order to achieve circularization, the native Group I intron needs
to be split at an internal site to form a so called “Group I permuted intron-exon self-splicing system,
PIE system”. An internal split site as used herein refers to a location where the native Group I

intron is split into two portions, and the internal split site is selected such that the generated two
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separate portions of native Group I intron (the 3' terminal portion and the 5' terminal portion)
together can maintain ribozyme activity necessary for the self-splicing, even after permutation. It
is believed that the two separate portions of native Group I intron maintaining the overall
conformation of the native Group [ intron can maintain ribozyme activity necessary for the self-
splicing. As used herein, the internal split site is located between an intron internal split site I and
an intron internal split site II, the intron internal split site I refers to the first nucleotide downstream
of the internal split site and the intron internal split site II refers to the first nucleotide upstream of
the internal split site. As used herein, “PIE” or “PIE method” or “PIE system” refers to the above
described “Group I permuted intron-exon self-splicing system, PIE system”.

In some embodiments, the 3’ self-splicing intron fragment is derived from a 3’ terminal
portion of a self-splicing intron starting from an intron internal split site I to the 3' end of the self-
splicing intron, and the 5’ self-splicing intron fragment is derived from a 5’ terminal portion of the
self-splicing intron starting from the 5' end of the self-splicing intron to an intron internal split site
II.

Only a few Group I introns of which the exact internal split site have been determined by a
person skilled in the art, e.g., by referenced to Puttaraju M., et al., (1992) Group I permuted intron-
exon (PIE) sequences self-splice to produce circular exons; and/or Puttaraju M., et al., (1996)
Circular ribozymes generated in Escherichia coli using group I self-splicing permuted intron-exon
sequences. For example, for a Group I intron, especially an Anabaena Group [ intron, it can usually
be split at a specific site in its P6 region to form the PIE system.

The 3' terminal portion of a native Group I intron may have a length of about 5% to about
95%, such as about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, about 95% of the full length of the native Group I intron.
Accordingly, the 5' terminal portion of a native Group I intron may have a length of about 5% to
about 90%, such as about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95% of the full length of the native Group I intron.

In some embodiments, the combination of the 3' Group I intron fragment and the 5' Group 1
intron fragment substantially has the self-splicing activity of the corresponding native Group 1
intron.

“Circularization efficiency” as used herein may refer to the ratio of outcome circular RNA to
input precursor in a given time period. Alternatively, “Circularization efficiency” as used herein
may refer to the ratio of desired circular RNA to linear circRNA precursor or the ratio of circRNA
to the sum of circRNA and linear circRNA precursor in the final product in a given time period.
The circularizing efficiency can be determined by methods well known in the art, such as those

described in Example 2, 4, 6 and 8 of the present application.
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In some embodiments, the circularizing efficiency of the circular RNA is increased by at least
about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%, at least
about 200%, at least about 300%, at least about 400%, at least about 500% or more.

“Reduced immunogenicity” as used herein may refer to that the circular RNA, upon contacted
with cells, elicits a reduced immune response, i.c., an immune response at a level lower than a
control circular RNA or control linear RNA. For example, reduced immune response refers to
reduced expression of cytokines. The cytokines include, but are not limited to, [FN, TNFa, IL6
and/or RIG-I. In some embodiments, the immunogenicity of the circular RNA is reduced by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90% or more.

As used herein, "spacer” refers to any contiguous nucleotide sequence that at least does not
negatively interfere with the function of the elements connected by it. Generally, if it is desired to
avoid the interaction of two near or adjacent elements, a spacer can be inserted between the two
elements. The spacer sequences described herein can serve two functions: (1) to facilitate
circularization and (2) to facilitate functionality by allowing correct folding of the residual
circularizing element and the nucleotide sequence of interest (e.g., IRES). In some embodiments,
the spacet is no more than 150, no more than 100, no more than 50, no more than 30, no more than
10, no more than 5, or no more than 3 nucleotides in length. In some embodiments, the spacer is
5 nucleotides in length. In some embodiments, the spacer is 4 nucleotides in length. In some
embodiments, the spacer is 3 nucleotides in length. In some embodiments, the first spacer may be
absent. In some embodiments, the second spacer may be absent. In some embodiments, the first
spacer and the second spacer may be absent.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to

3' direction :

a) a 3’ self-splicing intron fragment; and

b) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5° self-splicing intron fragment in

combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from the Group I introns and Group II introns, for

example, the self-splicing intron is selected from Group I introns.

In embodiments of the present invention, the self-splicing intron is selected from the

following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I

Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
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Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At).

In some embodiments of the present invention, the 3’ self-splicing intron fragment is derived
from a 3’ terminal portion of a self-splicing intron starting from an intron internal split site I to the
3" end of the self-splicing intron, and the 5° self-splicing intron fragment is derived from a 5’
terminal portion of the self-splicing intron starting from the 5' end of the self-splicing intron to an
intron internal split site II.

In some embodiments of the present Invention, when the self-splicing intron is
cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site IT and the
intron internal split site [ are the nucleotide A at position 115 and the nucleotide A at position 116
from 5 end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form the
nucleotide sequence of AA.

In some embodiments of the present invention, when the self-splicing intron is Azoarcus
Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site 1T and the intron internal split site I are the nucleotide A at
position 24 and the nucleotide A at position 25 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P2);

2) the intron internal split site II and the intron internal split site I are the nucleotide A at
position 85 and the nucleotide A at position 86 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P4-5);

3) the intron internal split site II and the intron internal split site I are the nucleotide C at
position 71 and the nucleotide C at position 72 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and the nucleotide U at position 109 from 5’ end of the Azo intron respectively, and when
connected form the nucleotide sequence of CU (P6);

5) the intron internal split site II and the intron internal split site I are the nucleotide A at
position 154 and the nucleotide A at position 155 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P8); or

6) the intron internal split site II and the intron internal split site I are the nucleotide C at
position 198 and the nucleotide A at position 199 from 5” end of the Azo intron respectively, and
when connected form the nucleotide sequence of CA (P9).

In some embodiments of the present invention, when the self-splicing intron is Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
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88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (PR8); or

5) the intron internal split site I and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5 end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

In some embodiments of the present invention, when the self-splicing intron is
Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7),

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site 1T and the intron internal split site T are a nucleotide A at position
206 and a nucleotide A at position 207 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site IT and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site II and the intron internal split site I are a nucleotide U at position
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23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

In some embodiments of the present invention, when the self-splicing intron is Scytonema-
hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6).

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5° end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2).

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

4) the intron internal split site I and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

In some embodiments of the present invention, when the self-splicing intron is
Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split site IT and
the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at position 108
from 5’ end of the At intron respectively, and when connected form a nucleotide sequence of AA
(P6).

In some embodiments of the present invention, the 3' self-splicing intron fragment is a
sequence having at least 75%, at least 80%, at lcast 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron, and the 5' self-
splicing intron fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at lecast 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal portion of the self-
splicing intron.

In some embodiments of the present invention, the self-splicing intron is the cyanobacterium
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Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having at least 75%, at least
80%, at lecast 81%, at lcast 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% or 100% identity to SEQ ID
NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence of
SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

In some embodiments of the present invention, the self-splicing intron is AnaX (SEQ ID
NO:1), wherein the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 8.

In some embodiments of the present invention, the self-splicing intron is the Azoarcus Group
[ Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 9, 11,
13, 15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having at least 75%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID
NO: 10, 12, 14, 16, 18 or 20.

In some embodiments of the present invention, the self-splicing intron is the Azoarcus Group
[ Intron (Azo) (SEQ ID NO:2), wherein the 3° self-splicing intron fragment and the 5' self-splicing
intron fragment respectively are: SEQ ID NO: 9 and SEQ ID NO: 10, SEQ ID NO: 11 and SEQ
ID NO: 12, SEQ ID NO: 13 and SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID NO: 16, SEQ ID
NO: 17 and SEQ ID NO: 18.

In some embodiments of the present invention, the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4) , the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence

having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
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85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

In some embodiments of the present invention, the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4) , wherein the 3” self-splicing intron fragment and
the 5' self-splicing intron fragment respectively are: SEQ ID NO: 37 and SEQ ID NO: 38, SEQ ID
NO: 39 and SEQ ID NO: 40, SEQ ID NO: 41 and SEQ ID NO: 42, SEQ ID NO: 43 and SEQ ID
NO: 44, SEQ ID NO: 45 and SEQ ID NO: 46.

In some embodiments of the present invention, the self-splicing intron is the Staphylococcus
phage Twort Group I Intron (Twort) (SEQ ID NO:3), the 3’ self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35, and the 5’ self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30, 32, 34 or 36.

In some embodiments of the present invention, the self-splicing intron is the Staphylococcus
phage Twort Group I Intron (Twort) (SEQ ID NO:3), wherein the 3’ self-splicing intron fragment
and the 5’ self-splicing intron fragment respectively are: SEQ ID NO: 21 and SEQ ID NO: 22,
SEQ ID NO: 23 and SEQ ID NO: 24 SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and
SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, SEQ ID NO: 31 and SEQ ID NO: 32, SEQ
ID NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36.

In some embodiments of the present invention, the self-splicing intron is the Scytonema-
hofmani Trna fMet group I intron (Sh) (SEQ ID NO:5), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51, 53, or a nucleotide

sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51, 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52, 54, or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52, 54.

In some embodiments of the present invention, the self-splicing intron is the Scytonema-
hofmani Trna fMet group I intron (Sh) (SEQ ID NO:5), wherein the 3’ self-splicing intron
fragment and the 5’ self-splicing intron fragment respectively are: SEQ ID NO: 47 and SEQ ID
NO: 48, SEQ ID NO: 49 and SEQ ID NO: 50, SEQ ID NO: 51 and SEQ ID NO: 52, SEQ ID NO:
53 and SEQ ID NO: 54.

In some embodiments of the present invention, the self-splicing intron is the Agrobacterium-
tumefaciens group I intron (At) (SEQ ID NO:6), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least 75%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ
ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

In some embodiments of the present invention, the self-splicing intron is the Agrobacterium-
tumefaciens group I intron (At) (SEQ ID NO:6), wherein the 3’ self-splicing intron fragment and
the 5’ self-splicing intron fragment respectively are: SEQ ID NO: 55 and SEQ ID NO: 56.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 3” self-splicing intron fragment;

b) a first residual circularizing element;

¢) optionally, a nucleotide sequence of interest;

d) a second residual circularizing element; and

e) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5° self-splicing intron fragment in
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combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor,

wherein the total length of the first residual circularizing element and the second residual
circularizing element is about 2 to about 200 nucleotides.

As used herein, a "residual circularizing element" refers to an exon-derived sequence that is
additionally introduced to facilitate the circularization process. The residual circularizing element
is a sequence derived from the native exon of the self-splicing intron (the exon flanking the self-
splicing intron) and is involved in or required for circularization by the self-splicing intron and
participates in circularization together with the self-splicing intron but is retained in the final
circular RNA. In particular, the residual circularizing element is capable of being recognized
and/or spliced by the self-splicing intron (or a combination of the first self-splicing intron fragment
and the second self-splicing intron fragment), and thus is required for circularization.

As used herein, “exon region” in the residual circularizing element is a sequence derived from
the native exon of the self-splicing intron (the exon flanking the self-splicing intron) and capable
of being recognized and/or spliced by the self-splicing intron (or a combination of the first self-
splicing intron fragment and the second self-splicing intron fragment), and thus is required for
circularization. An “exon region” can also be referred as a “splicing site sequence” herein.

In some embodiments, the first residual circularizing element comprises or consists of from
57 to 3’ direction a 3' exon region and optionally a first spacer. In the circular RNA precursor, the
5'end of the 3' exon region is directly connected to the 3' end of the 3’ self-splicing intron fragment.

In some embodiments, the 3' exon region is derived from the native 3' exon of the self-splicing
intron (the exon flanking (downstream of) the 3' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 5' terminal nucleotide.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is no greater than about 500 nucleotides, e.g., no greater than
about 200, about 100, about 90, about 80, about 70, about 60, about 50, about 40, about 30, about
20, about 15, about 10, about 5 nucleotides, about 4, nucleotides, about 3 nucleotides, about 2
nucleotides, about 1 nucleotide or 0 nucleotide.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is from about 2 to about 200 nucleotides, or any integer
number therebetween. In some embodiments, the total length of the first residual circularizing
element and the second residual circularizing element is about 2 to about 30 nucleotides, or any

integer number therebetween. In some embodiments, the total length of the first residual
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circularizing element and the second residual circularizing element is from about 2 to about 20
nucleotides, or any integer number therebetween. In some embodiments, the total length of the
first residual circularizing element and the second residual circularizing element is from about 2
to about 15 nucleotides, or any integer number therebetween. In some embodiments, the total
length of the first residual circularizing element and the second residual circularizing element is
about 2 to about 10 nucleotides, or any integer number therebetween.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is at least 5 nucleotides in length. In some embodiments, the
total length of the first residual circularizing element and the second residual circularizing element
is at least 10 nucleotides in length. In some embodiments, the total length of the first residual
circularizing element and the second residual circularizing element is at least 15 nucleotides in
length.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is from about 5 to about 100 nucleotides, or any integer
number therebetween. In some embodiments, the total length of the first residual circularizing
element and the second residual circularizing element is from about 10 to about 100 nucleotides,
or any integer number therebetween. In some embodiments, the total length of the first residual
circularizing element and the second residual circularizing element is from about 15 to about 100
nucleotides, or any integer number therebetween.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 306, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 200 nucleotides.

In some embodiments, the first residual circularizing e¢lement and the second residual
circularizing element are configured such that the circular RNA comprising them has reduced
immunogenicity.

In some embodiments, the first residual circularizing element and the second residual
circularizing element are configured such that the circular RNA or circular RNA precursor
comprising them has comparable or increased circularization efficiency.

In some embodiments, the first residual circularizing element comprises or consists of from
5’ to 3 direction a 3' exon region and optionally a first spacer. In the circular RNA precursor, the
5'end of the 3' exon region is directly connected to the 3' end of the 3’ self-splicing intron fragment.

Asused herein, “exon region” in the residual circularizing element is a sequence derived from
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the native exon of the self-splicing intron (the exon flanking the self-splicing intron) and capable
of being recognized and/or spliced by the self-splicing intron (or a combination of the first self-
splicing intron fragment and the second self-splicing intron fragment), and thus is required for
circularization. An “exon region” can also be referred as a “splicing site sequence” herein.

In some embodiments, the 3' exon region is derived from the native 3' exon of the self-splicing
intron (the exon flanking (downstream of) the 3' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 5' terminal nucleotide.

In some embodiments, the 3' exon region is the entire native 3' exon of the self-splicing intron,
or has at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at lecast 86%, at lecast 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% or at least 99% sequence identity with the entire native 3' exon of the self-splicing intron,
orhas 1,2,3,4,5,6,7,8,9, or 10 or more nucleotide substitutions, deletions or additions compared
to the entire native 3' exon of the self-splicing intron.

In some embodiments, the 3' exon region is a contiguous fragment starting from the 5'
terminal nucleotide of the native 3' exon. In some embodiments, the 3' exon region has at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at
least 99% sequence identity with a contiguous fragment starting from the 5' terminal nucleotide of
the native 3' exon. In some embodiments, the 3' exon region has 1,2, 3,4, 5,6, 7, 8,9, or 10 or
more nucleotide substitutions, deletions or additions compared to a continuous fragment starting
from the 5' terminal nucleotide of the native 3' exon.

In some embodiments, the contiguous fragment starting from the 5' terminal nucleotide of the
native 3' exon comprises or consists of at least 1%, at least 5%, at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% nucleotides
of the native 3' exon. In some embodiments, the contiguous fragment starting from the 5' terminal
nucleotide of the native 3' exon is at least 1 nucleotide in length, such as at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15 nucleotides, at
least 20, at least 25, at least 50 or more nucleotides in length. In some embodiments, the contiguous
fragment starting from the 5' terminal nucleotide of the native 3' exon is 1 nucleotide in length or
upto2,upto3,upto4d,upto S ,upto6,upto7,upto8, upto9, upto 10, upto 15, upto 20, up
to 25, up to 50 nucleotides in length or up to the total length of the native 3' exon.

In some embodiments, where the self-splicing intron is a Group I intron, the 3' exon region

at least comprises a sequence (such as a sequence of about 1 to about 20 nucleotides) at it 5’
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terminus which can pair with the P1 region of the corresponding Group I intron to form a P10
duplex region.

It is believed that for self-splicing of Group I introns, the consecutive one or more nucleotides
(such as at least about 1 to about 7 nucleotides) from the 5' end of the native 3' exon can pair with
the P1 region to form a P10 duplex region, and thus plays an important role in self-splicing.
Definitions of the P1 and P10 regions of Group I introns are known in the art and can be determined,
for example, with reference to the following documents: Burke, J. M., et al., (1987) Structural
conventions for group I introns; Stahley, R. M., et al (2006) RNA splicing: group I intron crystal
structures reveal the basis of splice site selection and metal ion catalysis; and/or Woodson, A. S.,
(2005) Structure and assembly of group I introns.

In some embodiments, the second residual circularizing element comprises or consists of
from 3’ to 5’ direction a §' exon region and optionally a second spacer. In the circular RNA
precursor, the 3' end of the 5' exon region is directly connected to the 5' end of the second self-
splicing intron fragment.

In some embodiments, the 5' exon region is derived from the native 5' exon of the self-splicing
intron (the exon flanking (downstream of) the 5' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 3' terminal nucleotide.

In some embodiments, the 5' exon region is the entire native 5' exon of the self-splicing intron,
or has at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at lcast 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% or at least 99% sequence identity with the entire native 5' exon of the Group I intron, or
has1,2,3,4,5,6,7,8,9, or 10 or more nucleotide substitutions, deletions or additions compared
to the entire native 5' exon of the self-splicing intron.

In some embodiments, the 5' exon region is a contiguous fragment starting from the 3'
terminal nucleotide of the native 5' exon. In some embodiments, the 5' exon region has at least
50%, at least 60%, at least 70%, at lcast 80%, at least 81%, at lcast 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at lcast 96%, at least 97%, at least 98% or at
least 99% sequence identity with a contiguous fragment starting from the 3' terminal nucleotide of
the native 5' exon. In some embodiments, the 5' exon region has 1, 2, 3,4, 5,6, 7,8, 9, or 10 or
more nucleotide substitutions, deletions or additions compared to a continuous fragment starting
from the 3' terminal nucleotide of the native 5' exon.

In some embodiments, the contiguous fragment starting from the 3' terminal nucleotide of the

native 5' exon comprises or consists of at least 1%, at least 5%, at least 10%, at least 20%, at least
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30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% nucleotides
of the native 5' exon. In some embodiments, the contiguous fragment starting from the 3' terminal
nucleotide of the native 5' exon is at least 1 nucleotide in length, such as at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15 nucleotides, at
least 20, at least 25, at least 50 or more nucleotides in length. In some embodiments, the contiguous
fragment starting from the 3' terminal nucleotide of the native 5' exon is 1 nucleotide in length or
upto2,upto3,upto4,uptoS,upto6,upto7,upto8, upto9,upto 10, upto 15, upto 20, up
to 25, up to 50 nucleotides in length or up to the total length of the native 5' exon.

In some embodiments, where the self-splicing intron is a Group I intron, the 5' exon region
comprises a sequence (for example, a sequence of about 3 to about 8 consecutive nucleotides) at
its 3' terminus which can pair with the internal guide sequence (IGS) of the corresponding Group
I intron to form a Pl double-stranded region.

It is believed that for self-splicing of Group I introns, about 3 to about 8 consecutive
nucleotides from the 3' end of the native 5' exon can pair with the internal guide sequence (IGS)
of the intron to form the P1 double-stranded region, thus playing an important role in self-splicing.
Definitions of IGS and/or P1 region of Group I introns are known in the art and can be determined,
for example, with reference to the following documents: Burke, I. M., et al., (1987) Structural
conventions for group [ introns; Stahley, R. M., et al (2006) RNA splicing: group I intron crystal
structures reveal the basis of splice site selection and metal ion catalysis; and/or Woodson, A. S.,
(2005) Structure and assembly of group I introns.

In some embodiments, the first residual circularizing element and the second residual
circularizing element comprise spacers of different sequences, or one of them comprises a spacer
and the other does not.

In some embodiments, the first residual circularizing element and the second residual
circularizing element are configured to be capable of forming a stem-loop structure. In some
embodiments, the loop of the stem-loop structure comprises the splicing junction.

In some embodiments, the presence of the stem-loop structure can be predicted and/or
determined by the nucleotide sequences of the 3” self-splicing intron fragment (e.g., 3' Group 1
intron fragment), the first residual circularizing element, the second residual circularizing element,
and the 5’ self-splicing intron fragment (e.g., 5' Group l intron fragment) involved in circularization.
In some embodiments, the presence of a stem-loop structure can be predicted and/or determined
from the nucleotide sequence by RNA structure prediction tools such as RNAfold
(http://mna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RN Afold.cgi) or RNAstructure
(https://ma.urmc.rochester.edu/RNAstructure Web/index.html).

In some embodiments, the first residual circularizing element comprises the sequence
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structure of the following formula: 5'-first loop sequence-first pairing sequence-first non-pairing
sequence-3'; and the second residual circularizing element comprises the sequence structure of the
following formula: S'-second non-pairing sequence-second pairing sequence-second loop
sequence-3',

wherein the first non-pairing sequence or the second non-pairing sequence may be
independently present or absent,

the first pairing sequence and the second pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the first loop sequence and the second
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

Typically, the sequences forming the loop of the stem-loop structure are derived from the 3'
exon region and/or the 5' exon region.

In some embodiments, where the self-splicing intron is a Group I intron, the first loop
sequence comprises or consists of one or more nucleotides (for example, about 1 to about 20
nucleotides) which can pair with the P1 region of the corresponding Group I intron (or the structure
formed by the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment) to form a
P10 duplex region during the circularization.

In some embodiments, the first loop sequence may comprise or consist of a nucleotide
sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n represents an integer
from 1-20, for example, 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. In some
specific embodiments, nis 2, 4, or 5.

In some embodiments, the first loop sequence comprises or consists of the about 1 to about 7
consecutive nucleotides starting from the 5' terminal nucleotide of the native 3' exon of the Group
[ intron.

In some embodiments, the first loop sequence for example comprises or consists of AAAA,
AA, UUUU, UAAA, CAAA, or GAAA.

In some embodiments, where the self-splicing intron is a Group I intron, the second loop
sequence comprises or consists of one or more nucleotides (about 3 to about 8 nucleotides) which
can pair with the internal guide sequence (IGS) of the corresponding Group I intron (or the
structure formed by the 3° self-splicing intron fragment and the S’ self-splicing intron fragment) to
form a P1 duplex region during the circularization.

In some embodiments, the second loop sequence comprises or consists of the about 3 to about
8 consecutive nucleotides starting from the 3' terminal nucleotide of the native 5' exon of the Group
I intron.

In some embodiments, the second loop sequence for example comprises or consists of CUU
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or CUC.

In some embodiments, a loop with a sequence of CUUAAAA, CUUUUUU, CUUAA,
CUUGAAA, CUUUAAA, CUUCAAA or CUCAAAA can be formed after circularization.

In some embodiments, the first loop sequence comprises or consists of AAAA and the second
loop sequence comprises or consists of CUU. In some specific embodiments, a loop with a
sequence of CUUAAAA is formed after circularization.

The pairing sequences forming the stem of the stem-loop structure may be derived from the
exon regions, however, it may also be derived from the spacer sequences. Alternatively, the pairing
sequence may be derived from an exon region and a spacer sequence, i.e., the pairing sequence
comprises at least a portion of an exon region and at least a portion of the spacer.

Without being bound by any theory, the RNA circularization efficiency based on intron self-
splicing (e.g., Group I intron self-splicing) is related to the number of base pairs or the type or
composition of base pairs in the stem portion of the stem-loop structure formed by the residual
circularizing element. The stability of the stem-loop structure (e.g., as can be predicted from
calculated free energies) may affect the circularization efficiency.

In some embodiments, the stem portion of the stem-loop structure comprises at least 2 base
pairs, such as at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15 or more base pairs, preferably consecutive
matched base pairs. In some embodiments, the stem portion of the stem-loop structure comprises
2-15 or more consecutive matched base pairs. In some embodiments, the stem portion of the stem-
loop structure comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 base pairs, preferably
consecutive matched base pairs. In some embodiments, the stem portion of the stem-loop structure
comprises 5 base pairs, preferably consecutive matched base pairs. In some embodiments, the stem
portion of the stem-loop structure comprises 6 base pairs, preferably consecutive matched base
pairs. In some embodiments, the stem portion of the stem-loop structure comprises 7 base pairs,
preferably consecutive matched base pairs.

In some embodiments, the stem portion in the stem-loop structure comprises up to 2 base
mismatches, or up to 1 base mismatch, preferably, the stem portion comprises no base mismatches.

In some embodiments, the first pairing sequence comprises only G and the second pairing
sequence comprises only Cs. In some embodiments, the first pairing sequence comprises only C
and the second pairing sequence comprises only G. In some embodiments, the first pairing
sequence includes only A and the second pairing sequence includes only U.

In some embodiments, the circular RNA precursor further comprises a 5' homology arm
sequence and a 3' homology arm sequence capable of complementary pairing to form a homology

arm double-stranded region. In some embodiments, the 5' homology arm sequence is upstream of
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the 5' end of the 3° self-splicing intron fragment and the 3' homology arm sequence is downstream
of the 3' end of the 5’ self-splicing intron fragment.

In some embodiments, the nucleotide sequence of interest provided herein comprises at least
one protein-coding sequence and a translation initiation ¢lement such as an internal ribosome entry
site (IRES) operably linked thereto. Here, “operably linked” refers to that the translation initiation
element such as IRES can mediate translation of the encoded protein. In some embodiments, in
the circular RNA precursor, the translation initiation element, such as an IRES, is located upstream
of the 5' end of the at least one protein-coding sequence, or the translation initiation element, such
as an IRES, is located downstream of the 3' end of the at least one protein-coding sequence.

Protein-coding sequences can encode proteins of eukaryotic, prokaryotic or viral origin. In
certain embodiments, the protein can be any protein for therapeutic or diagnostic use. For example,
the protein coding region can encode human proteins, antigens, antibodies, gene editing enzymes
such as CRISPR nucleases, and the like. For example, the encoded protein can be a chimeric
antigen receptor, an immunomodulatory protein, and/or a transcription factor, and the like. Some
specific examples include, but are not limited to, EGF, FGFI, RBD, G6PC, PAH, HGF, and the
like.

In some embodiments, the at least one protein-coding sequence can encode IL-2 or an
aquaporin, such as AQP-1 protein or a protein having the same activity as the naturally occurring
AQP-1 protein and derived from the naturally occurring AQP-1 protein through substitution,
deletion or addition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino acid sequence
of the naturally occurring AQP-1 protein. In embodiments, the protein-coding sequence of the
present invention encodes the AQP-1 protein. In embodiments, the AQP-1 protein is a mammalian
AQP-1 protein, in particular, a human AQP-1 protein.

In some embodiments, the at least one protein-coding sequence of the invention comprises a
nucleotide sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98% , or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

In some embodiments, the translation initiation element of the invention comprises: IRES
sequence, 5° UTR sequence, Kozak sequence, a sequence containing mo6A, a sequence
complementary to ribosome 18S rRNA, or any combination thereof.

The IRES sequence may be selected from, butis not limited to, the following IRES sequences:
Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian virus 40,

red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus, Forman
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poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass leathopper
virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus , Hepatitis C
virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human enterovirus 71,
Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV), Drosophila C
virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus 1, black queen
cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee paralysis virus,
hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPAl, Human
AMLI1/RUNX1, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1, Human
BCL2, Human BiP, Human ¢-IAP1, Human c-myc, Human eIlF4G, Mouse NDST4L, Human LEFI,
Mouse HIFlo, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/¢-sis, human p53,
human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx, human UNR,
mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces cerevisiae
TFIID, Saccharomyces cerevisiae YAP1, human c-src, human FGF-1, simian picornavirus, turnip
crepe disease virus, eIF4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie virus A (CVA1/2).
Wild-type TRES sequences can also be modified and used in the present invention. Preferably, the
IRES is CVB3, HRV-B3, BRAV-1 L,PVI1 L, CAV2 L, BRAV-1, PV1, or CAV2.

For example, the IRES comprises a nucleotide sequence set forth in one of SEQ ID NOs:
120-526, or comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98% , at least 99% sequence identity to one of SEQ ID NOs: 120-526.

In some embodiments, the circular RNA precursor further comprises a homology arm
sequence I and a homology arm sequence II capable of complementary pairing to each other to
form a homology arm double-stranded region.

In some embodiments, the homology arm sequence I is upstream of the 3’ self-splicing intron
fragment and the homology arm sequence II is downstream of the 5’ self-splicing intron fragment.

In some embodiments, the homology arm sequence I or the homology arm sequence II is
about 5-500, about 5-450, about 5-400, about 5-350, about 5-300, about 5-250, about 5-200, about
5-150, about 5-100, about 5-80, about 5-60, about 5-50, about 5-40, about 5-30, about 5-25, about
5-20, about 5-15 or about 5-10 nucleotides in length, preferably, about 20, 25, 40, 50, 100, or 300
nucleotides in length.

In some embodiments, the two homology arm sequences may be polyA and polyT,
respectively, or polyG and polyC, respectively.

In some embodiments, one of the homology arm sequence I and the homology arm sequence

IT of the invention comprises a nucleotide sequence of any one of SEQ ID NO: 71-94 or a
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nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 71-94,
while the other homology arm sequence comprises the corresponding complementary sequence.

In some embodiments, the circular RNA precursor of the invention comprises a nucleotide
sequence selected from any one of SEQ ID NO: 527, 532 and 537-542, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 8§2%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 527, 532 and 537-542.

In some embodiments, the nucleotide sequence of interest is a non-coding sequence. For
example, the non-coding sequence can be POLR2A, antisense RNA, aptamer, guide RNA, or non-
protein-coding RNA existing in any organism, and the like. The non-coding sequence may or may
not contain a specific secondary structure.

In one aspect, provided herein is a nucleic acid vector for generating a circular RNA molecule,
said vector comprises a coding sequence of the circular RNA precursor of the present invention.

As used herein, "vector" refers to a DNA derived from a virus, plasmid or cell of a higher
organism into which a foreign DNA fragment can be or has been inserted for cloning and/or
expression purposes. In certain embodiments, the vector can be stably maintained in the organism.
The vector may contain, for example, an origin of replication, a selectable marker or a reporter
gene, such as antibiotic resistance or GFP, and/or a multiple cloning site (MCS). The term includes
linear DNA fragments (e.g., PCR products, linear plasmid fragments), plasmid vectors, viral
vectors, cosmids, bacterial artificial chromosomes (BACs), yeast artificial chromosomes (YACs),
and the like.

In some embodiments, the nucleic acid vector further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor. The
operably linked promoter allows in vivo and/or in vitro transcription of the circular RNA precursor.
The promoter is, for example, a T7 RNA polymerase promoter, a T6 viral RNA polymerase
promoter, a SP6 viral RNA polymerase promoter, a T3 viral RNA polymerase promoter or a T4
viral RNA polymerase promoter.

There is provided herein a novel Clean PIE system for preparation of circular RNA, which
can improve the sequence accuracy of the circular RNA, reduce the change of the secondary
structure of circular RNA, thereby decreasing the immunogenicity of the circular RNA, increasing
the stability of the circular RNA in cells and reducing the safety risk in clinical applications.
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In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site IT at its 5° end and a circularizing
sequence fragment I comprising a ribozyme recognition site I at its 3* end,

wherein the circularizing sequence fragment I is derived from a 5° terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the
ribozyme recognition site IT, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment II to form the circularizing sequence.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site 1T at its 5° end and a circularizing
sequence fragment I comprising a ribozyme recognition site [ at its 3 end,

wherein the circularizing sequence fragment I is the 5’ terminal portion of a circularizing
sequence, and the circularizing sequence fragment I1 is the 3’ terminal portion of a circularizing
sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the

ribozyme recognition site 11, and thus the circularizing sequence fragment I is connected with the
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circularizing sequence fragment II to form the circularizing sequence.

In embodiments, the nucleotide sequence of interest comprises one or more sequences
selected from the following group between the circularizing sequence fragment II and the
circularizing sequence fragment I: at least one protein coding sequences, translation initiation
element (TIE), a non-TIE functional element or any combination thereof.

As used herein, in the Clean-PIE system, "circularizing sequence" refers to a nucleotide
sequence which is part of the nucleotide sequence of interest. The circularization sequence is
involved in or required for circularization by the self-splicing intron and participates in
circularization together with the self-splicing intron. In embodiments, the circularizing sequence
is a protein-coding sequence, a non-coding sequence, a translation initiation element (TIE), or a
non-TIE functional element. As used herein, in the Clean-PIE system, "circularizing sequence
fragment I’ and ““circularizing sequence fragment IT” each is part of the circularizing sequence. In
the Clean-PIE system of the present invention, circularizing sequence fragments I and II are
connected to form the circularizing sequence and such a circularizing sequence formed will retain
its biological functions or activities.

As used herein, in the Clean-PIE system, "ribozyme recognition site” refers to a segment of
nucleotide sequence which belongs to a part of the circularizing sequence. The ribozyme
recognition site is involved in or required for circularization by the self-splicing intron and
participates in circularization together with the self-splicing intron but is retained as a part of the
circularizing sequence in the final circular RNA. In embodiments, the ribozyme recognition site
I is connected with ribozyme recognition II to form the ribozyme recognition site. In
embodiments, the ribozyme recognition site comprises 2 to 50 nucleotides, for example 2 to 40,
2 to 30, 2 to 25, 2 to 20, 2 to 15, 2 to 10 nucleotides, in particular 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more nucleotides. In embodiments, the
ribozyme recognition site I is comprised of 1 to 10 nucleotides, in particular 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 nucleotides. In embodiments, the ribozyme recognition site 11 is comprised of 1 to 10
nucleotides, in particular 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides.

As used herein, “a nucleotide motif” refers to a nucleotide sequence pattern that is related to
biological function of the ribozyme recognition site. In the present invention, the nucleotide motif
is located at the 3’ end of ribozyme recognition site L.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

Only for the purpose of illustrating the present invention, it is provided herein the following

examples of the “Clean-PIE system” of the invention. These particular examples include “Clean-
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PIE-Cargo system”, “Clean-PIE-TIE system”, “Clean-PIE-NonTIE system” and “Clean-PIE-
Non-coding Cargo system”. A person skilled in the art understands that any variations, deviations,
modifications etc. that are made to the “Clean-PIE system” illustrated as follows do not deviate
from the present invention and are thus comprised in the scope of the present invention.
For Clean-PIE-Cargo system, the present invention provides a circular RNA precursor
comprising from 5' to 3' direction:
a) a 37 self-splicing intron fragment;
b) a nucleotide sequence of interest; and
¢) a 57 self-splicing intron fragment;
wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;
wherein the nucleotide sequence of interest comprises from 5'to 3' direction: a protein-coding
sequence fragment I1, a translation initiation clement such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;
wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3’ terminal portion of at least one protein-coding sequence, and
the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site IT, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.
The present invention provides a circular RNA precursor comprising from 5' to 3' direction:
a) a 3’ self-splicing intron fragment;
b) a nucleotide sequence of interest; and
¢) a 5° self-splicing intron fragment;
wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;
wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding
sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES),

and a protein-coding sequence fragment I;
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wherein the protein-coding sequence fragment I is the 5’ terminal portion of at least one
protein-coding sequence, and the protein-coding sequence fragment II is the 3’ terminal portion of
at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a
mammalian protein, for example a human protein. In embodiments, the at least one protein-coding
sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
In some embodiments, the at least one protein-coding sequence comprises at least two protein-
coding sequences, and another translation initiation element may be linked between any two
adjacent protein-coding sequences, and such another translation initiation element comprises:
IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing m6A, a sequence
complementary to ribosome 18S rRNA, or any combination thereof;

In some embodiments, the at least one protein-coding sequence comprises a nucleotide
sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least 50%, at
least 60%, at least 70%, at least 80%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to any one of SEQ ID NO: 117-118.

It 1s understood that, in the Clean-PIE-Cargo system of the invention, ribozyme recognition
site I and ribozyme recognition site II are respectively a segment of nucleotide sequence which
belongs to a part of a cargo sequence, and configured such that the circular RNA comprising them
has reduced immunogenicity. In some embodiments, the ribozyme recognition site I and the
ribozyme recognition site II are configured such that the circular RNA precursor comprising them
has comparable or increased circularization efficiency.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 80 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to

about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
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about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5, 6,7, 8,9, 10,
11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40,41,42, 43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, 75, 76, 77, 18, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88.
89,90, 91,92, 93,94, 95,96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1,2, 3,4,5,6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, §6, 87, 88,
89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises the sequence structure of
the following formula: 5'-third non-pairing sequence-third pairing sequence-third loop sequence-
3'; and the ribozyme recognition site I comprises the sequence structure of the following formula:
5'-fourth loop sequence-fourth pairing sequence-fourth non-pairing sequence-3'.

In some examples, the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent.

In some embodiments, the ribozyme recognition site I comprises or consists of a "nucleotide

motif as defined above. In embodiments, the ribozyme recognition site I comprises or consists of
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from 5° to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif having at least 50%, at lcast 60%, at least 70%, at least 80%, at lcast 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ
ID NO: 95-116.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site [I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 8§7%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC-

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site IT is AGAAGUAAC.

In embodiments, the ribozyme recognition site [ is UGUAACUU, and the ribozyme
recognition site IT is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
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recognition site Il is AAACCUC.

In embodiments, the ribozyme recognition site I is AGAGACUU, and the ribozyme
recognition site IT is AAUCUCU.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site II is AACCAGC.

For Clean-PIE-TIE system, the present invention provides a circular RNA precursor
comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment 1 is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment II comprises a ribozyme recognition site II
located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment [ is connected with the translation initiation element fragment 11 to form the translation
initiation element which can recruit ribosome to initiate translation.

The present invention provides a circular RNA precursor comprising from 5' to 3' direction:

a) a 3” self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a

circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
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circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment [;

wherein the translation initiation element fragment I is the 5’ terminal portion of a translation
initiation element, and the translation initiation element fragment II is the 3’ terminal portion of
the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment I comprises a ribozyme recognition site I1
located at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a
mammalian protein, for example a human protein. In embodiments, the at least one protein-coding
sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
In some embodiments, the at least one protein-coding sequence comprises at least two protein-
coding sequences, and another translation initiation element may be linked between any two
adjacent protein-coding sequences, and such another translation initiation element comprises:
IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing m6A, a sequence
complementary to ribosome 18S rRNA, or any combination thereof.

In some embodiments, the at least one protein-coding sequence of the invention comprises a
nucleotide sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at lcast 80%, at least 80%, at lcast 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98% , or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

It will be understood that, in the Clean-PIE-TIE system of the invention, ribozyme
recognition site I and ribozyme recognition site IT are respectively a nucleotide sequence that
belongs to a part of an IRES sequence, and configured such that the circular RNA comprising them
has reduced immunogenicity. In some embodiments, the ribozyme recognition site I and the

ribozyme recognition site II are configured such that the circular RNA precursor comprising them
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has comparable or increased circularization efficiency.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site II is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5, 6,7, 8, 9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68,69, 70,71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2,3, 4,5, 6,7, 8,9, 10,
11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40,41,42,43, 44,45, 46,47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises the sequence structure of
the following formula: 5'-third non-pairing sequence-third pairing sequence-third loop sequence-

3'; and the ribozyme recognition site IT comprises the sequence structure of the following formula:
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5'-fourth loop sequence-fourth pairing sequence-fourth non-pairing sequence-3'.

In some embodiments, the third non-pairing sequence or the fourth non-pairing sequence may
be independently present or absent.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consists of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site IT can be selected from various sequence.

In some embodiments, the ribozyme recognition site II comprises or consists of a 3' exon
region as defined above, and the ribozyme recognition site [ comprises or consists of a 5' exon
region as defined above.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
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UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site [ is UGUAACUU, and the ribozyme
recognition site Il is AGAAGUAAC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site Il is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
recognition site IT is AAACCUC.

In embodiments, the ribozyme recognition site 1 is AGAGACUU, and the ribozyme
recognition site IT is AAUCUCU.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site ITis AACCAGC.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3 direction:

a) a3’ self-splicing intron fragment;

b) anucleotide sequence of interest;

c) a5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5 to 3’ direction: a non-TIE
functional element fragment 11, a translation initiation element, and at least one protein-coding
sequence , and a non-TIE functional element fragment I;

wherein the non-TIE functional element fragment I is derived from a 5’ terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment IT is derived
from a 3’ terminal portion of the non-TIE functional element, and

the non-TIE functional element fragment I comprises a ribozyme recognition site I located at
its 3” end, the non-TIE functional fragment IT comprises a ribozyme recognition site IT located at
its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected with
the ribozyme recognition site 11, and thus the non-TIE functional element fragment I is connected

with the non-TIE functional element fragment II to form the functional element.
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As used herein, the term “non-TIE functional element” refers to a functional element that is
not involved in translation initiation, such as a nucleotide sequence for regulating RNA translation,
RNA circularization or RNA transcription.

In embodiments, the non-TIE functional element is a 3° UTR or a replicon. In embodiments,
the at least one protein-coding sequence comprises at least two protein-coding sequences. Such at
least two protein-coding sequences may connect with each other by spacers or further translation
initiation elements. In embodiments, the translation initiation element is selected from an IRES
sequence, 5 UTR sequence, Kozak sequence, a sequence containing m6A modification, a
sequence complementary to ribosome 18S rRNA, or any combination thereof. In embodiments,
the translation initiation element is an IRES sequence.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site IT is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,15, 16,17, 18, 19, 20, 21, 22, 23, 24,
25,26,27,28,29,30,31, 32, 33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
717, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site 1T is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about

40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
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100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 18, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 8§2%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site II can be selected from various
sequences.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif as defined above. In embodiments, the ribozyme recognition site I comprises or consists of
from 5’ to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site II comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site IT comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.
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In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site 1 is UGUAACUU, and the ribozyme
recognition site Il is AGAAGUAAC.

-
72}

In embodiments, the ribozyme recognition site [

recognition site IT is AAAAUUACA.

UGUAACUU, and the ribozyme

—
[72]

In embodiments, the ribozyme recognition site I
recognition site I is AAACCUC.

GAGGUCUU, and the ribozyme

—_

In embodiments, the ribozyme recognition site I

recognition site Il is AAUCUCU.

is AGAGACUU, and the ribozyme

—

In embodiments, the ribozyme recognition site [

recognition site Il is AACUGGA.

is UCCAGCUU, and the ribozyme

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site IT is AACCAGC.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest;

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3’ direction: a non-coding
sequence fragment II, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment II is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment I comprises a ribozyme

recognition site I located at its 3” end, the non-coding sequence fragment IT comprises a ribozyme
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recognition site II located at its 5° end, wherein in the generated circular RNA the ribozyme
recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
sequence fragment I is connected with the non-coding sequence fragment II to form the complete
non-coding sequence.

In embodiments, the non-coding sequence is an endogenous circRNA.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site II is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24,
25,26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, suchas 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38,39,40,41,42,43, 44,45, 46, 47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1,2, 3,4, 5, 6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40,41,42, 43,44 45,46,47,48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
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89,90, 91, 92, 93,94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at lcast 88%, at lcast 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site II can be selected from various
sequences.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif as defined above. In embodiments, the ribozyme recognition site [ comprises or consists of
from 5’ to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site II comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
II comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
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UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site [ comprises or consists of from 5 to 3’
direction a nucleotide motif consists of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site Il is AGAAGUAAC.

—

In embodiments, the ribozyme recognition site [
recognition site Il is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
recognition site IT is AAACCUC.

s UGUAACUU, and the ribozyme

In embodiments, the ribozyme recognition site I is AGAGACUU, and the ribozyme
recognition site I is AAUCUCU.

—_

In embodiments, the ribozyme recognition site |
recognition site Il is AACUGGA.

is UCCAGCUU, and the ribozyme

—
72}

In embodiments, the ribozyme recognition site [

recognition site Il is AACCAGC.

UCUGGCAU, and the ribozyme

In some embodiments, the nucleotide sequence of interest is at least 10, 20, 40, 60, 80, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 10000,
20000 nucleotides in length.

In some embodiments, the circular RNA is at least 10, 20, 40, 60, 80, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 10000, 20000
nucleotides in length. In some embodiments, the citcular RNA is at least about 10 nucleotides in
length. In some embodiments, the circular RNA is about 50 nt or less. In some embodiments, the
circular RNA is about 80 nt or less. In some embodiments, the circular RNA 1s about 100 nt or
less. In some embodiments, the circular RNA is about 150 nt or less. In some embodiments, the
circular RNA is about 200 nt or less. In some embodiments, the circular RNA is about 250 nt or
less. In some embodiments, the circular RNA is about 300 nt or less. In some embodiments, the
circular RNA is about 350 nt or less. In some embodiments, the circular RNA is about 400 nt or
less. In some embodiments, the circular RNA is about 450 nt or less. In some embodiments, the
circular RNA is about 500 nt or less. In some embodiments, the circular RNA is about 600 nt or
less. In some embodiments, the circular RNA is about 700 nt or less. In some embodiments, the
circular RNA is about 800 nt or less. In some embodiments, the circular RNA is about 900 nt or

less. In some embodiments, the circular RNA is at least about 1000 nt.
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In further aspect, the present invention provides a pharmaceutical composition comprising
the circular RNA precursor of the invention and/or the nucleic acid vector of the invention and/or
the circular RNA of the invention, and a pharmaceutically acceptable carrier.

In some embodiments, a pharmaceutically acceptable carrier may include, but are not limited
to, buffers, excipients, stabilizers or preservatives. Examples of pharmaceutically acceptable
carriers are physiologically compatible solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like, such as salts, buffers,
carbohydrates, antioxidants, aqueous or non-aqueous carriers, preservatives, wetting agents,
surfactants or emulsifying agents or combinations thereof. The amount of a pharmaceutically
acceptable carrier in a pharmaceutical composition can be determined experimentally based on the
activity of the carrier and the desired properties of the formulation, such as stability and/or minimal
oxidation.

In another aspect, the present invention provides a method for preparing a circular RNA, the
method comprises:

1) providing a circular RNA precursor of the present invention or obtaining a circular RNA
precursor by transcribing from the nucleic acid vector of the present invention;

2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

In some embodiments, the divalent metal cation is Mg?" and/or Mn?".

In some embodiments, the concentration of the divalent metal cation is at least about 5 mM,
e.g., about 5 mM to about 550 mM, e.g., at least about 5 mM, about 10 mM, about 15 mM, at least
about 20 mM, at least about 30 mM, at least about 40 mM, at least about 50 mM, at least about 60
mM, at least about 70 mM, at least about 80 mM, at least about 90 mM, at least about 100 mM, at
least about 125 mM, at least about 150 mM, at least about 175 mM, at least about 200 mM, at least
about 250 mM, at least about 300 mM, at least about 350 mM , at least about 400 mM, at least
about 450 mM, at least about 500 mM, at least about 550 mM or higher.

In another aspect, the present invention provides a method for preparing a circular RNA, the
method comprises

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to

produce a circular RNA.
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In some embodiments, the nucleic acid vector is the nucleic acid vector of the present
invention.

In some embodiments, the divalent metal cation in the in vitro transcription system is Mg>".

In some embodiments, the in vitro transcription system further comprises a monovalent metal
cation and/or a monovalent anion.

In some embodiments, the monovalent metal cation is Na* or K*.

In some embodiments, the monovalent metal anion is CI- or CH:COO™ (OAc).

In some embodiments, the concentration of the divalent metal cation in the system during the
first time period is from about 5 mM to about S0 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM. In some embodiments, the concentration of the divalent metal cation in the system during
the first time period is 30 mM.

In some embodiments, the concentration of the monovalent metal cation in the system during
the first time period is from about 5 mM to about 50 mM, ¢.g., about 5 mM, about 10 mM, about
15 mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM,
about 50 mM, about 60 mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM . In some
embodiments, the monovalent metal cation is Na*, the concentration in the system during the first
time period is 15 mM. In some embodiments, the monovalent metal cation is K, the concentration
in the system during the first time period is 90 mM.

In some embodiments, the concentration of the monovalent anion in the system during the
first time period is from about 5 mM to about 50 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM, about 100 mM, about 150 mM. In some embodiments, the monovalent anion is Cl°, the
concentration in the system during the first time period is 90 mM. In some embodiments, the
monovalent anion is CH3COO™ (OAc), the concentration in the system during the first time period
is 125 mM.

In some embodiments, the in vitro transcription and self-circularization occur in the same
reaction system.

In some embodiments, the method does not include a step of isolating and/or purifying the
linear RNA produced by the in vitro transcription.

Those skilled in the art would know that the in vitro transcription system also comprises
various components required for transcription, such as buffers, rATP, rCTP, rUTP, rGTP and the
like.

In some embodiments, the buffer of the in vitro transcription system is Tris-HCl buffer, or

HEPES buffer, or MES buffer, or citrate buffer, or phosphate buffer. In some embodiments, the

54



WO 2024/193634 PCT/CN2024/082941

buffer of the in vitro transcription system is HEPES buffer.

In some embodiments, the in vitro transcription system has a pH of about 5- about 8, such as
apH of about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, or about 8. In some embodiments,
the in vitro transcription system has a pH of about 7.5.

The RNA polymerase depends on the promoter used in the nucleic acid vector to drive
transcription. The RNA polymerase may include, but is not limited to, a T7 RNA polymerase, a
T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA polymerase, or a T4 viral
RNA polymerase. In some embodiments, the RNA polymerase is T7 RNA polymerase.

In some embodiments, the first time period is at least 0.5 hours, such as about 0.5 hours to
about 24 hours, such as about 0.5 hours, about 1 hour, about 1.5 hours, about 2 hours, about 2.5
hours, about 3 hours, about 3.5 hours, about 4 hours, about 5 hours, about 10 hours, or about 24
hours. In some embodiments, the first time period is 3 hours.

In some embodiments, the incubation for the first time period is carried out at about 16°C to
about 60°C, such as at about 16°C, about 17°C, about 18°C, about 19°C, about 20°C °C, about
21°C, about 22°C, about 23°C, about 24°C, about 25°C, about 26°C, about 27°C, about 28°C,
about 29°C, about 30°C °C, about 31°C, about 32°C, about 33°C, about 34°C, about 35°C, about
36°C, about 37°C, about 38°C, about 39°C, about 40°C °C, about 41°C, about 42°C, about 43°C,
about 44°C, about 45°C, about 46°C, about 47°C, about 48°C, about 49°C, about 50°C °C, about
51°C, about 52°C, about 53°C, about 54°C, about 55°C, about 56°C, about 57°C, about 58°C,
about 59°C, or about 60°C. In some embodiments, the incubation for the first time period is carried
out at about 37°C.

In some embodiments, after incubation for the first time period in step b), the method further
comprises step ¢):

adding an additional amount of metal cation to the in vitro transcription system and incubating
for a second time period; or

changing the buffer of the system, adding a metal cation and incubating for a second time
period.

In some embodiments, the metal cation added for the incubation of the second time period is
a divalent metal cation, such as Mg®" or Mn*".

In some embodiments, during the incubation of the second time period, the metal cation is
added to a final concentration of at least about 5 mM, such as about 5 mM to about 550 mM, such
as at least about 5 mM, at least about 10 mM, at least about 15 mM, at least about 20 mM, at least
about 30 mM, at least about 40 mM , at least about 50 mM, at least about 60 mM, at least about
70 mM, at least about 80 mM, at least about 90 mM, at least about 100 mM, at least about 125
mM, at least about 150 mM, at least about 175 mM, at least about 200 mM, at least about 250 mM,

o1
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at least about 300 mM, at least about 350 mM, at least about 400 mM, at least about 450 mM, at
least about 500 mM, at least about 550 mM or higher.

In some embodiments, the buffer of the system is changed to Tris-HCI buffer, or HEPES
buffer, or MES buffer, or citrate buffer, or phosphate buffer during the second time period.

In some embodiments, the pH of the system in the second time period is 5-8, such as pH 5,
pHS55 pH6,pH 6.5, pH 7, pH 7.5, or pH 8.

In some embodiments, the second time period is at least 5 minutes, such as about 5 minutes
to about 2 hour, such as about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 45 minutes, about 50 minutes, about 55 minutes, about
60 minutes, about 120 minutes or more.

In some embodiments, wherein the reaction for the second time period is carried out at about
25°C to about 75°C, such as at about 25°C, about 26°C, about 27°C, about 28°C, about 29°C,
about 30°C, about 31°C, about 32°C, about 33°C , about 34°C, about 35°C, about 36°C, about
37°C, about 38°C, about 39°C, about 40°C, about 41°C, about 42°C, about 43°C , about 44°C,
about 45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, or about 75°C.

In some embodiments, the method further comprises a step of recovering or purifying the
circular RNA as produced.

In one aspect, the present invention provides a circular RNA produced by the method of the
invention.

In one aspect, the present invention provides an in vitro transcription method comprising:

a) providing a nucleic acid vector as a template for in vitro transcription;

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first period of time; and

¢) 1) adding an additional amount of metal cation to the system, or ii) changing the buffer of
the system and adding a metal cation to the system, and incubating the system for a second period
of time.

In some embodiments, the in vitro transcription system during the first time period further
comprises a monovalent metal cation and/or a monovalent anion.

In some embodiments, the divalent metal cation in the in vitro transcription system during
the first time period is Mg?".

In some embodiments, the monovalent metal cation during the first time period is Na™ or K*.

In some embodiments, the monovalent metal anion during the first time period is Cl or
CH3COO (OAc).

The RNA polymerase depends on the promoter used in the nucleic acid vector to drive

transcription. The RNA polymerase may include, but is not limited to, a T7 RNA polymerase, a

56



WO 2024/193634 PCT/CN2024/082941

T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA polymerase, or a T4 viral
RNA polymerase. In some embodiments, the RNA polymerase is T7 RNA polymerase.

In some embodiments, the concentration of the divalent metal cation in the system for the
first time period is from about 5 mM to about 50 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM.

In some embodiments, the concentration of the monovalent metal cation in the system for the
first time period is from about 5 mM to about 100 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM, about 60 mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM.

In some embodiments, the concentration of the monovalent anion in the system for the first
time period is from about 5 mM to about 150 mM, e.g., about 5§ mM, about 10 mM, about |5 mM,
about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about 50
mM, about 100 mM, about 150 mM.

In some embodiments, the buffer of the in vitro transcription system for the first time period
is Tris-HCI1 buffer, or HEPES buffer, or MES buffer, or citrate buffer, or phosphate buffer.

In some embodiments, the pH of the in vitro transcription system for the first time period is
5-8,such aspH 5, pH 5.5, pH 6, pH 6.5, pH 7, pH 7.5, or pH &.

In some embodiments, the first time period is at least 0.5 hours, such as about 0.5 hours to
about 24 hours, such as about 0.5 hours, about 1 hour, about 1.5 hours, about 2 hours, about 2.5
hours, about 3 hours, about 3.5 hours, about 4 hours, about 5 hours, about 10 hours, or about 24
hours.

In some embodiments, the incubation for the first time period is carried out at about 16°C to
about 60°C, such as at about 16°C, about 17°C, about 18°C, about 19°C, about 20°C °C, about
21°C, about 22°C, about 23°C, about 24°C, about 25°C, about 26°C, about 27°C, about 28°C,
about 29°C, about 30°C °C, about 31°C, about 32°C, about 33°C, about 34°C, about 35°C, about
36°C, about 37°C, about 38°C, about 39°C, about 40°C °C, about 41°C, about 42°C, about 43°C,
about 44°C, about 45°C, about 46°C, about 47°C, about 48°C, about 49°C, about 50°C °C, about
51°C, about 52°C, about 53°C, about 54°C, about 55°C, about 56°C, about 57°C, about 58°C,
about 59°C, or about 60°C.

In some embodiments, the added metal cation in the system for the second time period is a
divalent metal cation, such as Mg®* or Mn?",

In some embodiments, during the second time period, the metal cation is added to a final
concentration of at least about 5 mM, such as about 5 mM to about 550 mM, such as at least about

5 mM, at least about 10 mM, at least about 15 mM, at least about 20 mM, at least about 30 mM,
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at least about 40 mM , at least about 50 mM, at least about 60 mM, at least about 70 mM, at least
about 80 mM, at least about 90 mM, at least about 100 mM, at least about 125 mM, at least about
150 mM, at least about 175 mM, at least about 200 mM, at least about 250 mM, at least about 300
mM, at least about 350 mM, at least about 400 mM, at least about 450 mM, at least about 500 mM,
at least about 550 mM or higher.

In some embodiments, the second time period is at least 5 minutes, such as about 5 minutes
to about 2 hour, such as about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 45 minutes, about 50 minutes, about 55 minutes, about
60 minutes, about 120 minutes or more.

In some embodiments, the incubation for the second time period is carried out at about 25°C
to about 75°C, such as at about 25°C, about 26°C, about 27°C, about 28°C, about 29°C, about
30°C, about 31°C, about 32°C, about 33°C , about 34°C, about 35°C, about 36°C, about 37°C,
about 38°C, about 39°C, about 40°C, about 41°C, about 42°C, about 43°C , about 44°C, about
45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, or about 75°C.

In some embodiments, the method further comprises a step of recovering and/or purifying the
RNA obtained in step ¢).

In one aspect, the present invention provides an RNA produced by the method of the invention.

In another aspect, the present invention provides a method for purifying a circular RNA, the
method comprises:

a) contacting a mixture comprising circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
the circular RNA-specific probe; and

¢) releasing the circular RNA from the complex.

In some embodiments, the circular RNA is prepared by circularizing a linear circular RNA
precursor. In some embodiments, the circular RNA is prepared by ligating both ends of a linear
circular RNA precursor with an RNA ligase, such as a T4 RNA ligase. In some embodiments, the
circular RNA is prepared by the self-splicing ribozyme activity of Group 1 intron-based
circularizing elements contained in the linear circular RNA precursor, e.g., the circular RNA is the
circular RNA described in Section I herein or any clause below and/or prepared by the method
described in Section IT herein or any clause below.

In some embodiments, the circular RNA-specific probe is a single-stranded DNA probe.

In some embodiments, the circular RNA-specific probe is a single-stranded RNA probe.

In some embodiments, the circular RNA-specific probe specifically hybridizes to a region
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flanking the circularization junction of the circular RNA.

In some embodiments, the circular RNA-specific probe is at least 10 nucleotides, at least 12
nucleotides, at least 14 nucleotides, at least 16 nucleotides, at least 18 nucleotides in length acid,
at least 20 nucleotides, at least 25 nucleotides, at least 30 nucleotides, at least 35 nucleotides in
length or longer, for example, the circular RNA-specific probe is 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,25,27, 28, 29 or 30 nucleotides in length.

In some embodiments, the circular RNA-specific probe is immobilized on a support such as
a solid support, e.g., the circular RNA-specific probe is immobilized on the support after binding
to the circular RNA or the circular RN A-specific probe is pre-immobilized on the support.

In some embodiments, the condition in step a) include denaturing the RNA at between about
60°C and about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C, about
70°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) for about 2 minutes to about
10 minutes (e.g., about 2, 3,4, 5, 6,7, 8,9, or 10 minutes), then gradually reducing the temperature
to below about 40°C (e.g., below about 35°C, below about 30°C, below about 25°C, below about
20°C or less) to allow the circular RNA annealing to the circular RNA-specific probe.

In some embodiments, the condition in step a) include a high salt concentration range of
0.25M-2M, e.g., 0.25M, 0.5M, 0.75M, 1M, 1.25M,1.5M, 1.75M or 2M. In some embodiments,
the salt is NaCl or a guanidine salt (e.g., Guanidine hydrochloride).

In some embodiments, in step b), the one or more components are removed by washing the
complex with a washing buffer.

In some embodiments, step ¢) is performed by increasing the temperature to about 60°C to
about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C) C, about 70°C,
about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) to release the circular RNA.

In some embodiments, in step ¢) the circular RNA is released by elution with an elution buffer.
In some embodiments, the elution buffer is a low salt buffer, e.g., a buffer with salt concentration
lower than 0.5M. In some embodiment, the elution buffer is Tris-EDTA buffer (TE buffer) or water.

In some embodiments, the method further includes the following steps:

1) contacting the mixture comprising circular RNA and the circular RNA precursor to a linear
circular RNA precursor-specific probe in a condition that allows the linear circular RNA precursor-
specific probe to specifically bind to and form a complex with the linear circular RNA precursor;

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture, and

iii) collecting the circular RNA-containing mixture obtained in step ii).

In some embodiments, steps 1)-iii) are performed before step a), for example, steps 1)-iii) may

be performed multiple times before step a), e.g., 2, 3, 4 or more times. In some embodiments, steps
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1)-1ii) are performed concurrently with steps a)-c).

In one aspect, the present invention provides a method for purifying circular RNA, the method
comprises:

1) contacting a mixture comprising circular RNA and the circular RNA precursor to a linear
circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor; and

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture,

ii1) collecting the circular RNA-containing mixture obtained in step ii), and

optionally, steps 1)-ii1) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In some embodiments, the linear circular RNA precursor-specific probe specifically binds to
the linear circular RNA precursor and does not substantially bind to the circular RNA.

In some embodiments, the linear circular RNA precursor-specific probe is immobilized on a
support, such as a solid support, for example, the linear circular RNA precursor-specific probe is
then immobilized on the support after binding to the linear circular RNA precursor, or the linear
circular RN A precursor-specific probe is pre-immobilized on the support.

In some embodiments, the circular RNA-specific probe specifically hybridizes to at least a
portion of the first residual circularizing element and a portion of the second residual circularizing
element.

In some embodiments, the linear precursor RNA-specific probe hybridizes to a portion of the
linear circular RNA precursor outside the first residual circularizing element, the nucleotide
sequence of interest, and the second residual circularizing element.

In some embodiments, the linear precursor RNA-specific probe hybridizes to the 3 self-
splicing intron fragment or a portion thereof or a 5’ flanking sequence thereof, or the 5’ self-
splicing intron fragment or a portion thereof or a 3’ flanking sequence thereof.

In some specific embodiments, the linear circular RNA precursor contains a sequence
selected from SEQ ID NOs:600-610 or a complement sequence thereof, preferably, SEQ ID
NO:606 or a complement sequence thereof outside the first residual circularizing element, the
nucleotide sequence of interest, and the second residual circularizing element, to which the linear
precursor RNA-specific probe specifically hybridizes.

In some embodiments of the method for purifying circular RNA of the invention, the molar
ratio of the probe to the RNA molecules in the mixture is from about 1:1 to about 100,000:1.

In some embodiments, the linear circular RNA precursor-specific probe hybridizes to a 3'

homology arm sequence or portion thereof on the linear circular RNA precursor, or a 5' homology
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arm sequence or portion thereof on the linear circular RNA precursor. In some embodiments, the
homology arm sequence comprises polyA, polyU, polyC or polyG. In some embodiments, the
homology arm sequence is about 10-about 200 nt in length. Accordingly, in some embodiments,
the linear precursor RNA-specific probe comprises polyU, poly A, polyG or polyC. In some
embodiments, the linear precursor RNA-specific probe is about 10-about 200 nt in length.

In one aspect, the present invention provides a method for purifying circular RNA, the method
comprises:

1) adding a linear RNA-specific tag to a mixture comprising circular RNA and linear RNA,
wherein the linear RNA-specific tag can be linked to the linear RNA;

i1) contacting the mixture comprising circular RNA and linear RNA with a linear RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

iii) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

iv) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps ii)-iv) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In some embodiments, the tag comprises a polyA, polyG, polyU, or polyC sequence.
Accordingly, the probe includes a polyT/polyU, polyC, polyA, or polyG sequence. Alternatively,
the tag can be a random sequence, and the probe comprises a sequence complementarily paired
with said random sequence.

In some embodiments, the tag may be about 10-200nt in length. In some embodiments, the
probe may be about 10-200nt in length.

In some embodiments, the tag is added to the linear RNA by adding a PolyA/T/C/G
polymerase or a ligase to the mixture. In some embodiments, adding rATP, rGTP, rUTP, rCTP or
tNTP, or a random tag sequence of about 10-200nt to the mixture is also included.

In some embodiments, the lincar RNA probe specifically binds to the added tag without
substantially binding to the circular RNA. In some embodiments, the linear RNA probe is a single-
stranded DNA probe, or a single-stranded RNA probe.

In some embodiments, the linear RNA probe is immobilized on a support such as a solid
support, for example, the linear RNA probe is immobilized on the support after binding to the
linear RNA, or, the linear RNA probe is pre-immobilized on the support.

In some embodiments, the present invention provides a method of screening a target open
reading frame (ORF) sequence encoding a target polypeptide for a nucleotide motif, the method
comprises steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
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polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > I;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codon; and

3) identifying nucleotide sequences obtained from step 2) that matches the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
precursor.

In some embodiments, the present invention provides a system for screening a target open
reading frame (ORF) for a nucleotide motif, wherein the target open reading frame (ORF) is a
nucleotide sequence encoding a target polypeptide, and the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which is used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequence
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target
codon sequence contain a nucleotide sequence that exactly matches the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU.

In some embodiments, the present invention provides a method of screening a target non-
coding sequence for a nucleotide motif, comprising a step of:

1) editing 0, 1, or 2 bases on the non-coding sequence so that the non-coding sequence
comprises an edited region that matches the nucleotide motif whilst maintaining the non-coding
sequence’s function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
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116, preferably CUU, CUC or CAU.; and

2) optionally, selecting the target non-coding sequence as the circularizing sequence of a
circular RNA precursor, wherein the target non-coding sequence is an endogenous circRNA.

In some embodiments, the present invention provides a system for screening a target non-
coding sequence for a nucleotide motif, wherein the target non-coding sequence is an endogenous
circRNA, and the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the target non-coding sequence to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU.

In some embodiments, the present invention provides a method for screening a target internal
ribosome entry site (IRES) for a nucleotide motif, comprising steps of:

1) identifying regions of non-conserved sequences of the target IRES by comparing the target
IRES with the other IRES sequences from the same viral subgenus, through multiple sequence
alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

As used herein, the term “low-structure region” refers to a region that does not have a stem-
loop structure, a region having high free energy, or a single strand region.

In some embodiments, the present invention provides a system for screening a target internal
ribosome entry site (IRES) for a nucleotide motif, wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conservative
sequences;

b) a low-structure prediction module, which is used for determining a low-structure region

within the target IRES according to the result of the multiple sequence alignments of the target
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IRES; and

c) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some embodiments, the present invention provides a screening method for screening a
target non-TIE functional element for the nucleotide motif in ribozyme recognition site I
comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as 3 UTR or a replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some embodiments, the present invention provides a system for screening a target region
sequence in a non-TIE functional element sequence (such as 3’UTR or a replicon) for a nucleotide
motif, wherein the screening system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif;,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

In another aspect, there is provided a method for preventing or treating a disease or condition
in a subject, comprising administering to a subject the circular RNA of the invention, or the
pharmaceutical composition of the invention.

In some embodiments, the disease or condition comprises but not limited to xerostomia,
xerophthalmia, Sjogren's syndrome or the like.

Sjogren's syndrome is a systemic autoimmune disease in which immune cells attack and
destroy the exocrine glands that produce saliva and tears. Sjogren's syndrome can also affect
multiple organs, including kidneys and lungs. Sjégren's syndrome can occur in all age groups of
both women and men. Sjdgren's syndrome can occur independently, referred to as primary
Sjogren's syndrome, or may develop years after the onset of an associated rheumatic disorder,
referred to as secondary Sjégren's syndrome.

Xerostomia (dry mouth) and xerophthalmia (conjunctivitis sicca, dry eyes) are hallmarks of
Sj6gren's syndrome. Immunologically-activated or apoptotic glandular epithelial cells that expose

autoantigens in predisposed individuals might drive autoimmune-mediated tissue injury. Immune
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activation is typically presented as focal, mononuclear (T, B and macrophage) cell infiltrates
proximal to the ductal epithelial cells (epithelitis) and forms sialadenitis. Though the pathogenetic
mechanism for this autoimmune exocrinopathy has not been fully elucidated, it has been shown
that CD4+ T-lymphocytes constitute 60-70 percent of the mononuclear cells infiltrating the glands.
Abnormal activation of proinflammatory Th1 and Th17 cells have been reported to be central to
induction of SS in either human or animal models.

The present invention provides a novel therapy to prevent or treat Sjogren's syndrome-related
xerostomia in a subject. The inventors have discovered that administration of a circular RNA
comprising a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof
to a subject can prevent or treat Sjogren's syndrome-related xerostomia in a subject.

In embodiments, a protein useful in the present invention is an AQP-1 protein or variants
thereof, wherein such AQPI protein or variants thereof refers to a naturally occurring AQP-1
protein, or a protein having the same activity as the naturally occurring AQP-1 protein and derived
from the naturally occurring AQP-1 protein through substitution, deletion or addition of 1, 2, 3, 4,
5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the naturally occurring AQP-1
protein.

In some embodiments, an AQP-1 protein or variants thereof comprises a sequence having at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80% at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98% , or at least 99% sequence identity to the entire amino acid
sequence of a naturally occurring AQP-1 protein. In embodiments, an AQP-1 protein is a portion
of the amino acid sequence of an AQP-1 protein, wherein such portion of an AQP-1 protein retains
the ability to form a channel in a cell membrane that allows the passage of water. It is also known
in the art that several isoforms of AQP-1 protein exist. Thus, in embodiments, an AQP-1 protein
is an isoform of an AQP-1 protein, wherein such isoform retains the ability to form a channel that
allows the passage of water. In embodiments, an AQP-1 protein is a portion of an isoform or other
naturally-occurring variant of an AQP-1 protein, wherein such portion retains the ability to form a
channel in a membrane that allows the passage of water. Methods to produce functional portions
and variants of AQP-1 proteins, such as conservative variants, of AQP-1 protein are known to
those skilled in the art.

In some embodiments, the present invention provides a circular RNA precursor comprising
from 5’ to 3° direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5 to 3’ direction: protein-coding
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sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursor;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3” terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site I1, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or variants thereof.

In some embodiments, the present invention provides a circular RNA precursor comprising
from 5’ to 3 direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5’ to 3’ direction: protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursot;

wherein the protein-coding sequence fragment I is the 5’ terminal portion of at least one
protein-coding sequence, and the protein-coding sequence fragment I1 is the 3’ terminal portion of
at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its

3’ end, the protein-coding sequence fragment IT comprises a ribozyme recognition site II located
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at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment [ is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or variants thereof.

In embodiments, the present invention provides a circular RNA precursor comprising from 5'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a translation initiation element (TIE) fragment II;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof;

d) a translation initiation element fragment I and

e) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the TIE fragment I is derived from a 5° terminal portion of a TIE sequence, and the
TIE fragment II is derived from a 3’ terminal portion of a TIE sequence, and

the TIE fragment I comprises a ribozyme recognition site I located at its 3’ end, the TIE
fragment II comprises a ribozyme recognition site II located at its 5° end, wherein in the generated
circular RNA the ribozyme recognition site I is connected with the ribozyme recognition site 11,
and thus the TIE I is connected with the TIE II to form the TIE sequence which is able to recruit
ribosome to initiate translation.

In embodiments, the present invention provides a circular RNA precursor comprising from 5'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a translation initiation element (TIE) fragment 1I;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof;

d) a translation initiation element fragment I and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
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circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the TIE fragment I is the 5’ terminal portion of a TIE sequence, and the TIE fragment
IT is the 3° terminal portion of a TIE sequence, and

the TIE fragment [ comprises a ribozyme recognition site I located at its 3° end, the TIE
fragment II comprises a ribozyme recognition site II located at its 5’ end, wherein in the generated
circular RNA the ribozyme recognition site I is connected with the ribozyme recognition site II,
and thus the TIE I is connected with the TIE II to form the TIE sequence which is able to recruit
ribosome to initiate translation.

In some embodiments, the self-splicing intron is selected from the following group:
cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-tumefaciens group I intron
(At).

In some embodiments, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to
any one of SEQ ID NO: 1-6.

In some embodiments, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: 1 and 3, or a nucleotide sequence having at least 50%, at least 60%, at least
70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity
to any one of SEQ ID NO: 1 and 3.

In some embodiments, the self-splicing intron is the cyanobacterium Anabaena Group I Intron
such as AnaX, the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 7 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 7, and the 5' self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 8 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,

at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
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least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 8.

In some embodiments, the self-splicing intron is the Staphylococcus phage Twort Group 1
Intron (Twort), the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 27 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 27, and the 5' self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 28 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 28.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site IT is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 80 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2,3,4,5,6,7,8,9,10, 11,12, 13,14, 15,16, 17,18, 19, 20, 21, 22, 23, 24,
25,26,27,28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5, 6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89,90, 91,92,93, 94,9596, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site 11 is about 0 to about
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100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 58, 60 or 64.

In some embodiments, the ribozyme recognition site 1 comprises a nucleotide sequence of
UCCAGCUU, UCUGGCAU or UGUAACUU.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence of
AACUGGA, AACCAGC or AAAAUUACA.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site II is AACUGGA.

In embodiments, the ribozyme recognition site [ is UCUGGCAU, and the ribozyme
recognition site IT is AACCAGC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site IT is AAAAUUACA.

In some embodiments, the circular RNA precursor further comprises a homology arm
sequence I and a homology arm sequence II capable of complementary pairing to each other to
form a homology arm double-stranded region.

In some embodiments, the homology arm sequence 1 is upstream of the 3 self-splicing intron
fragment and the homology arm sequence 1l is downstream of the 5’ self-splicing intron fragment.

In some embodiments, the homology arm sequence I or the homology arm sequence 1I is
about 5-200 nucleotides in length, about 5-150 nucleotides in length, about 5-100 nucleotides in
length, about 5-80 nucleotides in length, about 5-50 nucleotides in length, about 5-40 nucleotides
in length, about 5-30 nucleotides in length, about 5-20 nucleotides in length, about 5-10
nucleotides in length, preferably, about 5, 10, 15, 20, 25, 30, 35 or 40 nucleotides in length.
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In some embodiments, one of the homology arm sequence I and the homology arm sequence
II comprises a nucleotide sequence of any one of SEQ ID NO: 83-84 or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at lcast 88%, at lcast 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 83-84 | while the other
homology arm sequence comprises the corresponding complementary sequence.

In some embodiments, the translation initiation element is an internal ribosome entry site
(IRES) which is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L, CAV2 L, BRAV-1, PV, or
CAV2, preferably CVB3.

In embodiments, the IRES comprises a nucleotide sequence set forth in one of SEQ ID NOs:
120-526, or comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at lcast
96%, at least 97%, at least 98% , at least 99% sequence identity to one of SEQ ID NOs: 120-526.

In some embodiments, the IRES comprises a nucleotide sequence of SEQ ID NO: 121, or
comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least §9%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98% , or at least 99% sequence identity to SEQ ID NO: 121.

In some embodiments, the at least one protein-coding sequence comprises an AQP-1 protein
coding sequence, or a nucleotide sequence encoding a protein having the same activity as the AQP-
1 protein and derived from the AQP-1 protein through substitution, deletion or addition of 1, 2, 3,
4,5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

In some embodiments, an AQP-1 protein encoding sequence comprises a nucleotide sequence
of SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to SEQ ID NO: 118. In particular, the AQP-1 protein coding
sequence is SEQ ID NO: 118, or a nucleotide sequence having 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence identity to SEQ ID NO: 118.

In some embodiments, the circular RNA precursor of the invention comprises a nucleotide
sequence selected from any one of SEQ ID NO: 533-536, or a nucleotide sequence having at least

50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 533-536.

In embodiments, the present invention provides a circular RNA precursor comprising from §'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a non-translation initiation element (non-TIE) fragment II;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein, or a variant thereof;

d) a non-translation initiation element (non-TIE) fragment I and

e) a 5’ self-splicing intron fragment;

wherein the 37 self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the non-TIE fragment I is derived from a 5’ terminal portion of a non-TIE sequence,
and the non-TIE II is derived from a 3’ terminal portion of a non-TIE sequence, and

the non-TIE fragment I comprises a ribozyme recognition site I located at its 3’ end, the non-
TIE fragment II comprises a ribozyme recognition site II located at its 5’ end, wherein in the
generated circular RNA the ribozyme recognition site I is connected with the ribozyme recognition
site IL, and thus the non-TIE fragment I is connected with the non-TIE fragment II to form the non-

TIE sequence. In embodiments, the non-TIE sequence is a 3° UTR sequence.

Additionally, the present invention further provides the following items:
1. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment; and

b) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from Group I introns and Group II introns, for
example, the self-splicing intron is selected from Group I introns.

2. The circular RNA precursor of item 1, wherein the self-splicing intron is selected from the
following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron

(Az0), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron
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(Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-tumefaciens group
I intron (At), for example, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to
any one of SEQ ID NO: 1-6.

3. The circular RNA precursor of item 1 or 2, wherein the 3’ self-splicing intron fragment is
derived from a 3’ terminal portion of a self-splicing intron starting from an intron internal split site
[ to the 3' end of the self-splicing intron, and the 5° self-splicing intron fragment is derived from a
5’ terminal portion of the self-splicing intron starting from the 5' end of the self-splicing intron to
an intron internal split site II.

4. The circular RNA precursor of any one of items 1-3, wherein when the self-splicing intron
is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site IT and the
intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position 116 from
5’ end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a nucleotide
sequence of AA.

5. The circular RNA precursor of any one of items [-4, wherein when the self-splicing intron
is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site II and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5° end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6),

5) the intron internal split site 1T and the intron internal split site I are a nucleotide A at position
154 and a nucleotide A at position 155 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
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198 and a nucleotide A at position 199 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

6. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site I and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site II and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P8); or

5) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

7. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (PS5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position

206 and a nucleotide A at position 207 from 5’ end of the Twort intron respectively, and when
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connected form a nucleotide sequence of AA (P9);

6) the intron internal split site Il and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site Il and the intron internal split site [ are a nucleotide U at position
23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site I and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

8. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5’ end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site I and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

9. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split site I1
and the intron internal split site [ are a nucleotide A at position 107 and a nucleotide A at position
108 from 5° end of the At intron respectively, and when connected form a nucleotide sequence of
AA (P6).

10. The circular RNA precursor of any one of items 1-9, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,

and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
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81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

11. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 8§5%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at lcast
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

12. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNQO: 9, 11, 13, 15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

13. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment

comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
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sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

14. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least §5%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at lcast
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

15. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53 and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at lcast 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

16. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NQO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to

7



WO 2024/193634 PCT/CN2024/082941

SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at lcast 83%, at lecast 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

17. The circular RNA precursor of any one of items 1-16, which further comprises from 5' to
3' direction: optionally a first residual circularizing element; a nucleotide sequence of interest; and
optionally a second residual circularizing element, located between a) and b), wherein the total
length of the first residual circularizing element and the second residual circularizing element is
about 0 to about 500 nucleotides; or

the circular RNA precursor further comprises a homology arm sequence I upstream of the 3’
self-splicing intron fragment and a homology arm sequence II downstream of the 5’ self-splicing
intron fragment.

18. The circular RNA precursor of any one of items 1-17, wherein the first residual
circularizing element comprises or consists of from 5’ to 3’ direction a 3' exon region and
optionally a first spacer, the second residual circularizing element comprises or consists of from 3’
to 5 direction a 5' exon region and optionally a second spacer.

19. The circular RNA precursor of item 18, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
splicing intron fragment.

20. The circular RNA precursor of item 19, wherein 3' exon region is a sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to the native 3' exon or a contiguous fragment of about 1- about 50
nucleotides starting from the 5' terminal nucleotide of the native 3' exon,

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at lcast 91%, at least 92%, at least 93%, at least 94%, at lcast
95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to the native 5'
exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal

nucleotide of the native 5' exon.
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21. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a first residual circularizing element;

¢) a nucleotide sequence of interest;

d) a second residual circularizing element; and

e) a5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor,

wherein the total length of the first residual circularizing element and the second residual
circularizing element is about 0 to about 500 nucleotides.

22. The circular RNA precursor of item 21, wherein the self-splicing intron is selected from
Group I introns and Group II introns, for example, the self-splicing intron is selected from Group
[ introns.

23. The circular RNA precursor of item 21 or 22, wherein the self-splicing intron is selected
from the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus
Group I Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort
Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At), for example, the self-splicing intron is selected from a nucleotide
sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to any on¢ of SEQ ID NO: 1-6.

24. The circular RNA precursor of any one of items 21-23, wherein the 3’ self-splicing intron
fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an intron
internal split site I to the 3' end of the self-splicing intron, and the 5” self-splicing intron fragment
is derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end of the self-
splicing intron to an intron internal split site II.

25. The circular RNA precursor of any one of items 21-23, wherein when the self-splicing
intron is cyanobacterium Anabaena Group 1 Intron such as AnaX, the intron internal split site 11
and the intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position

116 from 5° end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a
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nucleotide sequence of AA.

26. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site II and the intron internal split site I are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site I and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
154 and a nucleotide A at position 155 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site II and the intron internal split site I are a nucleotide C at position
198 and a nucleotide A at position 199 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

27. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
88 and a nucleotide G at position 89 from 5 end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site II and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site Il and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when

connected form a nucleotide sequence of CG (PS8); or
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5) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

28. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site II and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site | are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
206 and a nucleotide A at position 207 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site Il and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site I and the intron internal split site I are a nucleotide U at position
23 and a nucleotide A at position 24 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site I and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

29. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
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60 and a nucleotide A at position 61 from 5° end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site II and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5* end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

30. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
site II and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5° end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

31. The circular RNA precursor of any one of items 21-30, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,
and the 5’ self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at lcast 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

32. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at lecast 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

33. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
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the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9, 11,13, 15,17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 8§5%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

34. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at lcast 83%, at least 84%, at least
85%, at least 86%, at least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at lcast 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

35. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31,33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23,25,27,29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
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32, 34 or 36.

36. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

37. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

38. The circular RNA precursor of any one of items 21-37, wherein the first residual
circularizing element and the second residual circularizing element are configured such that the
circular RNA comprising them has reduced immunogenicity.

39. The circular RNA precursor of any one of items 21-38, wherein the first residual
circularizing element and the second residual circularizing element are configured such that the
circular RNA precursor comprising them has comparable or increased circularization efficiency.

40. The circular RNA precursor of any one of items 21-39, wherein the total length of the first
residual circularizing element and the second residual circularizing element is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about

40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
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100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides.

41. The circular RNA precursor of any one of items 21-40, wherein the first residual
circularizing clement and the second residual circularizing element are configured to be capable
of forming a stem-loop structure, ¢.g., upon self-splicing for circularization.

42. The circular RNA precursor of item 41, wherein the loop of the stem-loop structure
comprises the splicing junction.

43. The circular RNA precursor of any one of items 41-42, wherein the first residual
circularizing element comprises the sequence structure of the following formula: 5'-first loop
sequence-first pairing sequence-first non-pairing sequence-3'; and the second residual
circularizing element comprises the sequence structure of the following formula: 5'-second non-
pairing sequence-second pairing sequence-second loop sequence-3',

wherein the first non-pairing sequence or the second non-pairing sequence may be
independently present or absent,

the first pairing sequence and the second pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the first loop sequence and the second
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

44. The circular RNA precursor of any one of items 41-43, wherein the first residual
circularizing element can be selected from various sequence, provided that the first loop sequence
of the first residual circularizing element doesn’t pair with any sequence of the second residual
circularizing element.

45. The circular RNA precursor of item 43 or 44, wherein the first loop sequence comprises
or consists of one or more nucleotides which can pair with the P1 region of the corresponding self-
splicing intron to form a P10 duplex region during the circularization.

46. The circular RNA precursor of any one of items 43-45, wherein the first loop sequence
consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n
represents an integer from 1-20, for example, 1,2, 3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17,
18, 19, or 20.

47. The circular RNA precursor of any one of items 43-46, wherein the first loop sequence
comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA, or GAAA,
preferably AAAA.

48. The circular RNA precursor of any one of items 43-47, wherein the second loop sequence
comprises or consists of one or more nucleotides which can pair with the internal guide sequence

(IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
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circularization.

49. The circular RNA precursor of any one of items 43-48, wherein the second loop sequence
comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such as CUU,
CAU or CUC, preferably CUU.

50. The circular RNA precursor of any one of items 43-49, wherein the loop of the stem-loop
structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

51. The circular RNA precursor of any one of items 43-50, wherein the stem portion of the
stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the stem
portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

52. The circular RNA precursor of any one of items 43-51, wherein the stem portion in the
stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises only 1
base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

53. The circular RNA precursor of any one of items 43-52, wherein the first pairing sequence
comprises only G and the second pairing sequence comprises only C, or the first pairing sequence
comprises only C and the second pairing sequence comprises only G.

54. The circular RNA precursor of any one of items 43-53, wherein the first pairing sequence
comprises only A and the second pairing sequence comprises only U.

55. The circular RNA precursor of any one of items 43-54, wherein the first pairing sequence
comprises only U and the second pairing sequence comprises only A.

56. The circular RNA precursor of any one of items 21-55, wherein the first residual
circularizing element comprises or consists of from 5 to 3’ direction a 3' exon region and
optionally a first spacer, the second residual circularizing element comprises or consists of from 3’
to 5’ direction a 5' exon region and optionally a second spacer.

57. The circular RNA precursor of item 56, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5’ self-
splicing intron fragment.

58. The circular RNA precursor of item 56 or 57, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment

of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon,
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the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

59. The circular RNA precursor of any one of items 21-58, wherein the first residual
circularizing element comprises or consists of a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69,
preferably the first residual circularizing element is selected from a nucleotide sequence of
AAAAUCCGUUGA or AAAACCCCCCCA.

60. The circular RNA precursor of any one of items 21-59, wherein the second residual
circularizing element comprises or consists of a nucleotide sequence having at Ieast 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70,
preferably the second residual circularizing element is selected from a nucleotide sequence of
AGACGCUACGGACUU or AGACGGGGGGGGCUU.

61. The circular RNA precursor of any one of items 21-60, wherein the first residual
circularizing element comprises or consists of a nucleotide sequence of any one of SEQ ID NO:
57,59, 61, 63, 65, 67 or 69 and the second residual circularizing element comprises or consists of
a nucleotide sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70.

62. The circular RNA precursor of any one of items 21-61, wherein,

1) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 57 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 58;

2) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 59 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 60;

3) the first residual circularizing element comprises or consists of a nucleotide sequence of

SEQ ID NO: 61 and the second residual circularizing element comprises or consists of a nucleotide
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sequence of SEQ ID NO: 62;

4) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 63 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 64;

5) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 65 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 66;

6) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 67 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 68; or

7) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 69 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 70;

preferably, the first residual circularizing element is selected from a nucleotide sequence of
AAAAUCCGUUGA and the second residual circularizing element is selected from a nucleotide
sequence of AGACGCUACGGACULU, or the first residual circularizing element is selected from
a nucleotide sequence of AAAACCCCCCCA and the second residual circularizing element is
selected from a nucleotide sequence of AGACGGGGGGGGCUU.

63. The circular RNA precursor of any one of items 21-62, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 11 capable
of complementary pairing to each other to form a homology arm double-stranded region.

64. The circular RNA precursor of item 63, wherein the homology arm sequence I is upstream
of the 3’ self-splicing intron fragment and the homology arm sequence II is downstream of the 5’
self-splicing intron fragment.

65. The circular RNA precursor of any one of items 61-62, wherein the homology arm
sequence [ or the homology arm sequence II is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.

66. The circular RNA precursor of any one of items 61-65, wherein the two homology arm
sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

67. The circular RNA precursor of any one of items 61-66, wherein one of the homology arm
sequence I and the homology arm sequence I1 comprises a nucleotide sequence of any one of SEQ
ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
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at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence comprises the corresponding
complementary sequence.

68. The circular RNA precursor of any one of items 21-67, wherein the nucleotide sequence
of interest comprises at least one protein-coding sequence and a translation initiation element such
as an internal ribosome entry site (IRES) operably linked thereto.

69. The circular RNA precursor of item 68, wherein the translation initiation element, such
as an IRES, is located upstream to the 5' end of the at least one protein-coding sequence.

70. The circular RNA precursor of item 68, wherein the translation initiation element, such
as an IRES, is located downstream to the 3' end of the at least one protein-coding sequence.

71. The circular RNA precursor of any one of items 68-70, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepeatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1,
Human AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-src, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1, PV1, or CAV2,

72. The circular RNA precursor of any one of items 68-71, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
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92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

73. The circular RNA precursor of any one of items 68-72, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use;

preferably, the at least one protein-coding sequence encodes IL-2, POLR2A, or an aquaporin,
such as AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from
the AQP-1 protein through substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8,9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

74. The circular RNA precursor of any one of items 68-73, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

75. The circular RNA precursor of any one of items 68-74, wherein the nucleotide sequence
of interest is a non-coding sequence, for example, the non-coding sequence can be antisense RNA,
aptamer, guide RNA, or non-protein-coding RNA existing in any organism.

76. The circular RNA precursor of any one of items 21-75, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 527, 532 and 537-542, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 527, 532 and 537-542.

77. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5° self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site II at its 5 end and a circularizing

sequence fragment I comprising a ribozyme recognition site I at its 3° end,
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wherein the circularizing sequence fragment I is derived from a 5° terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the
ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment II to form the circularizing sequence.

78. The circular RNA precursor of item 77, wherein the nucleotide sequence of interest
comprises one or more sequences selected from the following group between the circularizing
sequence fragment IT and the circularizing sequence fragment I: at least one protein coding
sequences, a non-coding sequence, translation initiation element (TIE), a non-TIE functional
element or any combination thereof.

79. The circular RNA precursor of item 77 or 78, wherein the circularizing sequence is
selected from at least one protein-coding sequence, a non-coding sequence, a translation initiation
element (TIE), or a non-TIE functional element.

80. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding
sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site 1 located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site IT, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

optionally, the at least one protein-coding sequence comprises at least two protein-coding

sequences, and a further translation initiation element, 2A sequence or spacer may be linked

91



WO 2024/193634 PCT/CN2024/082941

between any two adjacent protein-coding sequences, and the translation initiation element
comprises: IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing moA, a
sequence complementary to ribosome 18S rRNA, or any combination thereof.

81. The circular RNA precursor of any one of items 77-80, wherein the self-splicing intron is
selected from the Group I introns and Group II introns, for example, the self-splicing intron is
selected from Group I introns.

82. The circular RNA precursor of any one of items 77-81, wherein the self-splicing intron is
selected from the following group: cyanobacterium Anabaena Group I Intron such as AnaX,
Azoarcus Group I Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus
phage Twort Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or
Agrobacterium-tumefaciens group I intron (At) , for example, the self-splicing intron is selected
from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at lcast 86%, at lcast 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to any one of SEQ ID NO: 1-6.

83. The circular RNA precursor of any one of items 77-82, wherein the 3’ self-splicing intron
fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an intron
internal split site I to the 3' end of the self-splicing intron, and the 5” self-splicing intron fragment
1s derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end of the self-
splicing intron to an intron internal split site II.

84. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site I1
and the intron internal split site [ are a nucleotide A at position 115 and a nucleotide A at position
116 from 5 end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a
nucleotide sequence of AA.

85. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
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71 and a nucleotide C at position 72 from 5” end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (PS);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6),

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
154 and a nucleotide A at position 155 from 5” end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site IT and the intron internal split site [ are a nucleotide C at position
198 and a nucleotide A at position 199 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

86. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site II and the intron internal split site I are a nucleotide A at position
88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P); or

5) the intron internal split site I and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5 end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

87. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position

103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
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connected form a nucleotide sequence of UA (P6);

3) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site I and the intron internal split site [ are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site I and the intron internal split site I are a nucleotide A at position
206 and a nucleotide A at position 207 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site IT and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site I and the intron internal split site I are a nucleotide U at position
23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

88. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5° end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site 1T and the intron internal split site T are a nucleotide A at position
213 and a nucleotide A at position 214 from 5” end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

89. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing

intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
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site II and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5° end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

90. The circular RNA precursor of any one of items 77-89, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,
and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at lecast 84%, at lecast 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the S5' terminal
portion of the self-splicing intron.

91. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ
ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

92. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9,11, 13,15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
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identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

93. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

94. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

95. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group 1 intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47 , 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at lecast 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide

sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

96. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

97. The circular RNA precursor of any one of items 77-96, wherein the ribozyme recognition
site I and the ribozyme recognition site Il are configured such that the circular RNA comprising
them has reduced immunogenicity.

98. The circular RNA precursor of any one of items 77-97, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured such that the circular RNA precursor
comprising them has comparable or increased circularization efficiency.

99. The circular RNA precursor of any one of items 77-98, wherein the total length of the
ribozyme recognition site [ and the ribozyme recognition site I is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, such as 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 539, 60, 61, 62, 63, 64, 65, 66,
67, 68,69, 70,71,72,73,74,75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

100. The circular RNA precursor of any one of items 77-99, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about & nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,

about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,

97



WO 2024/193634 PCT/CN2024/082941

about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

101. The circular RNA precursor of any one of items 77-100, wherein the ribozyme
recognition site I and the ribozyme recognition site Il are configured to be capable of forming a
stem-loop structure, ¢.g., upon self-splicing for circularization.

102. The circular RNA precursor of item 101, wherein the loop of the stem-loop structure
comprises the splicing junction.

103. The circular RNA precursor of any one of items 77-102, wherein the ribozyme
recognition site I comprises the sequence structure of the following formula: 5'-third non-pairing
sequence-third pairing sequence-third loop sequence-3'; and the ribozyme recognition site 11
comprises the sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing
sequence-fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

104. The circular RNA precursor of any one of items 77-103, wherein the ribozyme
recognition site IT can be selected from various sequence.

105. The circular RNA precursor of item 103 or 104, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

106. The circular RNA precursor of any one of items 103-105, wherein the fourth loop
sequence consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G,
U, or C), n represents an integer from 1-20, for example, 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, or 20.

107. The circular RNA precursor of any one of items 103-106, wherein the fourth loop
sequence comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA,
or GAAA, preferably AAAA.
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108. The circular RNA precursor of any one of items 103-107, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

109. The circular RNA precursor of any one of items 103-108, wherein the third loop
sequence comprises or consists of one or more nucleotides which can pair with the internal guide
sequence (IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

110. The circular RNA precursor of any one of items 103-109, wherein the third loop
sequence comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such
as CUU, CAU or CUC, preferably CUU.

111. The circular RNA precursor of any one of items 103-110, wherein the loop of the stem-
loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

112. The circular RNA precursor of any one of items 103-111, wherein the stem portion of
the stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the
stem portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

113. The circular RNA precursor of any one of items 103-112, wherein the stem portion in
the stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises
only 1 base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

114. The circular RNA precursor of any one of items 103-113, wherein the third pairing
sequence comprises only G and the fourth pairing sequence comprises only C, or the third pairing
sequence comprises only C and the fourth pairing sequence comprises only G.

115. The circular RNA precursor of any one of items 103-114, wherein the third pairing
sequence comprises only A and the fourth pairing sequence comprises only U, or the third pairing
sequence comprises only U and the fourth pairing sequence comprises only A.

116. The circular RNA precursor of any one of items 77-115, wherein the ribozyme
recognition site II comprises or consists of a 3' exon region, and the ribozyme recognition site I
comprises or consists of a 5’ exon region.

117. The circular RNA precursor of item 116, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced

by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5’ self-
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splicing intron fragment.

118. The circular RNA precursor of item 116 or 117, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at lcast 88%, at lcast 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment
of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the §' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least §2%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at lcast
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

119. The circular RNA precursor of any one of items 77-118, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70;
preferably, the ribozyme recognition site I comprises a nucleotide sequence of GAGGUCUU,
AGAGACUU, UCCAGCUU or UCUGGCAU.

120. The circular RNA precursor of any one of items 77-119, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

121. The circular RNA precursor of any one of items 77-120, wherein the ribozyme
recognition site IT comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69;
preferably, the ribozyme recognition site II comprises a nucleotide sequence of AAACCUC,
AAUCUCU, AACUGGA or AACCAGC.

122. The circular RNA precursor of any one of items 77-121, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 58,

60, 62, 64, 66, 68 or 70 and the ribozyme recognition site I comprises or consists of a nucleotide
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sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69.

123. The circular RNA precursor of any one of items 77-122, wherein,

1) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 58 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 57;

2) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
NO: 60 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 59;

3) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 62 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 61;

4) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 64 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 63;

5) the ribozyme recognition site T comprises or consists of a nucleotide sequence of SEQ 1D
NO: 66 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 65;

6) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 68 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 67; or

7) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 70 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 69;

preferably, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, and the ribozyme recognition site IT is selected from a nucleotide sequence of
AGAAGUAAC;

the ribozyme recognition site [ is selected from a nucleotide sequence of UGUAACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAAAUUACA;

the ribozyme recognition site I is selected from a nucleotide sequence of GAGGUCUU, and
the ribozyme recognition site Il is selected from a nucleotide sequence of AAACCUC;

the ribozyme recognition site I is selected from a nucleotide sequence of AGAGACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAUCUCU;

the ribozyme recognition site I is selected from a nucleotide sequence of UCCAGCUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACUGGA; or

the ribozyme recognition site I is selected from a nucleotide sequence of UCUGGCAU, and
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the ribozyme recognition site II is selected from a nucleotide sequence of AACCAGC.

124. The circular RNA precursor of any one of items 77-123, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 1T capable
of complementary pairing to each other to form a homology arm double-stranded region.

125. The circular RNA precursor of item 124, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence II is downstream
of the 5° self-splicing intron fragment.

126. The circular RNA precursor of any one of items 124-125, wherein the homology arm
sequence [ or the homology arm sequence II is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.

127. The circular RNA precursor of any one of items 124-126, wherein the two homology
arm sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

128. The circular RNA precursor of any one of items 124-127, wherein one of the homology
arm sequence I and the homology arm sequence Il comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence comprises the corresponding
complementary sequence.

129. The circular RNA precursor of any one of items 77-128, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1,
Human AMLI/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c¢-IAP1, Human c-myc, Human ¢IF4G, Mouse NDST4L,
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Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAP1, human c-sre, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PVI L,
CAV2 L, BRAV-1, PV1, or CAV2.

130. The circular RNA precursor of any one of items 77-129, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, ¢.g., at least 80%, at lcast 81%, at lcast 82%, at lcast 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

131. The circular RNA precursor of any one of items 77-130, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use.

132. The circular RNA precursor of any one of items 77-131, wherein the at least one protein-
coding sequence encodes IL-2, POLR2A, or an aquaporin.

133. The circular RNA precursor of item 132, wherein the aquaporin is AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

134. The circular RNA precursor of any one of items 77-133, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: [17-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at lcast 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

135. The circular RNA precursor of any one of items 77-134, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 530, 531 and 533-534, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 530, 531 and 533-534.

136. A circular RNA precursor comprising from 5' to 3' direction:
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a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment I, at least one protein-coding sequence, and a translation initiation
element fragment [;

wherein the translation initiation element fragment I is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
atits 3’ end, the translation initiation element fragment IT comprises a ribozyme recognition site I1
located at its 57 end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation;

optionally, the at least one protein-coding sequence comprises at least two protein-coding
sequences, and a further translation initiation element, 2A sequence or spacer may be linked
between any two adjacent protein-coding sequences, and the translation initiation element
comprises: IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing moA, a
sequence complementary to ribosome 18S rRNA, or any combination thereof.

137. The circular RNA precursor of item 136, wherein the self-splicing intron is selected from
Group I introns and Group II introns, for example, the self-splicing intron is selected from Group
[ introns.

138. The circular RNA precursor of item 136 or 137, wherein the self-splicing intron is
selected from the following group: cyanobacterium Anabaena Group I Intron such as AnaX,
Azoarcus Group [ Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus
phage Twort Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or
Agrobacterium-tumefaciens group I intron (At) , for example, the self-splicing intron is selected
from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
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at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% sequence identity to any one of SEQ ID NO: 1-6.

139. The circular RNA precursor of any one of items 136-138, wherein the 3° self-splicing
intron fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an
intron internal split site I to the 3' end of the self-splicing intron, and the 5’ self-splicing intron
fragment is derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end
of the self-splicing intron to an intron internal split site II.

140. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site 11
and the intron internal split site [ are a nucleotide A at position 115 and a nucleotide A at position
116 from 5’ end of the AnaX Intron (SEQ ID NO:1) respectively, and when connected form a
nucleotide sequence of AA.

141. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
24 and anucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site I and the intron internal split site I are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5° end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
154 and a nucleotide A at position 155 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site Il and the intron internal split site I are a nucleotide C at position
198 and a nucleotide A at position 199 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

142. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
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88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (PR8); or

5) the intron internal split site I and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5 end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

143. The circular RN A precursor of any one of items 136-139, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site II and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site II and the intron internal split site 1 are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7),

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
206 and a nucleotide A at position 207 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site IT and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site I and the intron internal split site I are a nucleotide U at position
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23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

144. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Scytonema-hofimani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5° end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site I and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

145. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
site I and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5° end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

146. The circular RNA precursor of any one of items 136-145, wherein the 3' self-splicing
intron fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at lcast 86%, at least 87%, at lcast 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing
intron, and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

147. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
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is the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at lecast 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at lcast 87%, at least 88%, at lcast 89%, at least 90%, at lcast 91%, at least 92%, at lcast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

148. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of
a nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at lcast
86%, at least 87%, at lecast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9, 11, 13, 15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at lcast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

149. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at lcast 83%, at least 84%, at least
85%, at least 86%, at least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

150. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
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is the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23,25,27,29, 31, 33 or 35, and the 5' selt-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least §3%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at lcast
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

151. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

152. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.
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153. The circular RNA precursor of any one of items 136-152, wherein the ribozyme
recognition site I and the ribozyme recognition site II are configured such that the circular RNA
comprising them has reduced immunogenicity.

154. The circular RNA precursor of any one of items 136-153, wherein the ribozyme
recognition site I and the ribozyme recognition site I are configured such that the circular RNA
precursor comprising them has comparable or increased circularization efficiency.

155. The circular RNA precursor of any one of items 136-154, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site II is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, suchas 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69,70, 71, 72,73, 74,75, 76, 77, 18, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

156. The circular RNA precursor of any one of items 136-155, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,
about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,
about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25,26, 217,28, 29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75, 76,717,178, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

157. The circular RNA precursor of any one of items 136-156, wherein the ribozyme
recognition site I and the ribozyme recognition site 11 are configured to be capable of forming a
stem-loop structure, e.g., upon self-splicing for circularization.

158. The circular RNA precursor of item 157, wherein the loop of the stem-loop structure
comprises the splicing junction.

159. The circular RNA precursor of any one of items 157-158, wherein the ribozyme

recognition site I comprises the sequence structure of the following formula: 5'-third non-pairing
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sequence-third pairing sequence-third loop sequence-3'; and the ribozyme recognition site II
comprises the sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing
sequence-fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

160. The circular RNA precursor of any one of items 136-159, wherein the ribozyme
recognition site I can be selected from a various sequence.

161. The circular RNA precursor of item 159 or 160, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

162. The circular RNA precursor of any one of items 159-161, wherein the fourth loop
sequence consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G,
U, or C), n represents an integer from 1-20, for example, 1,2, 3,4.5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20.

163. The circular RNA precursor of any one of items 159-162, wherein the fourth loop
sequence comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA,
or GAAA, preferably AAAA.

164. The circular RNA precursor of any one of items 136-163, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

165. The circular RNA precursor of any one of items 136-164, wherein the third loop
sequence comprises or consists of one or more nucleotides which can pair with the internal guide
sequence (IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

166. The circular RNA precursor of any one of items 159-165, wherein the third loop
sequence comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such
as CUU, CAU or CUC, preferably CUU.

167. The circular RNA precursor of any one of items 159-166, wherein the loop of the stem-
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loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

168. The circular RNA precursor of any one of items 159-167, wherein the stem portion of
the stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the
stem portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

169. The circular RNA precursor of any one of items 159-168, wherein the stem portion in
the stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises
only 1 base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

170. The circular RNA precursor of any one of items 159-169, wherein the third pairing
sequence comprises only G and the fourth pairing sequence comprises only C, or the third pairing
sequence comprises only C and the fourth pairing sequence comprises only G.

171. The circular RNA precursor of any one of items 159-169, wherein the third pairing
sequence comprises only A and the fourth pairing sequence comprises only U, or the third pairing
sequence comprises only U and the fourth pairing sequence comprises only A.

172. The circular RNA precursor of any one of items 159-171, wherein the ribozyme
recognition site II comprises or consists of a 3' exon region, and the ribozyme recognition site 1
comprises or consists of a 5' exon region.

173. The circular RNA precursor of item 172, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5" exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
splicing intron fragment.

174. The circular RNA precursor of item 172 or 173, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment
of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

175. The circular RNA precursor of any one of items 136-174, wherein the ribozyme
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recognition site I comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70;
preferably, the ribozyme recognition site I comprises a nucleotide sequence of UGUAACUU.

176. The circular RNA precursor of any one of items 136-175, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3 direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

177. The circular RNA precursor of any one of items 136-176, wherein the ribozyme
recognition site IT comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69;
preferably, the ribozyme recognition site Il comprises a nucleotide sequence of AGAAGUAAC or
AAAAUUACA.

178. The circular RNA precursor of any one of items 136-177, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 58,
60, 62, 64, 66, 68 or 70 and the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69.

179. The circular RNA precursor of any one of items 136-178, wherein,

1) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 58 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 57;

2) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
NO: 60 and the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ
ID NO: 59;

3) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
NO: 62 and the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ
ID NO: 61;

4) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 64 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 63;

5) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
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NO: 66 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 65;

6) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 68 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 67; or

7) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 70 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 69;

preferably, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, and the ribozyme recognition site I1 1s selected from a nucleotide sequence of
AGAAGUAAC;

the ribozyme recognition site [ is selected from a nucleotide sequence of UGUAACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAAAUUACA,

the ribozyme recognition site [ is selected from a nucleotide sequence of GAGGUCUU, and
the ribozyme recognition site I is selected from a nucleotide sequence of AAACCUC;

the ribozyme recognition site I is selected from a nucleotide sequence of AGAGACUU, and
the ribozyme recognition site I is selected from a nucleotide sequence of AAUCUCU;

the ribozyme recognition site I is selected from a nucleotide sequence of UCCAGCUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACUGGA; or

the ribozyme recognition site I is selected from a nucleotide sequence of UCUGGCAU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACCAGC.

180. The circular RNA precursor of any one of items 136-179, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 11 capable
of complementary pairing to each other to form a homology arm double-stranded region.

181. The circular RNA precursor of item 180, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence 11 is downstream
of the 5’ self-splicing intron fragment.

182. The circular RNA precursor of any one of items 180-181, wherein the homology arm
sequence [ or the homology arm sequence 11 is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.,

183. The circular RNA precursor of any one of items 180-182, wherein the two homology
arm sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

184. The circular RNA precursor of any one of items 180-183, wherein one of the homology
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arm sequence I and the homology arm sequence II has the nucleotide sequence of any one of SEQ
ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at lecast 81%, at lcast 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence has the corresponding
complementary sequence.

185. The circular RNA precursor of any one of items 136-184, wherein the translation
initiation element is an internal ribosome entry site (IRES) which is selected from the following
IRES sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus,
simian virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia
virus, Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPAI,
Human AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c¢-myc, Human ¢IF4G, Mouse NDST4L,
Human LEF1, Mouse HIFla, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-src, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PVI L,
CAV2 L, BRAV-1, PV1, or CAV2.

186. The circular RNA precursor of any one of items 136-185, wherein the IRES comprises
anucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprise a nucleotide sequence
having at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

187. The circular RNA precursor of any one of items 136-186, wherein the at least one

protein-coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example,
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a protein for therapeutic or diagnostic use.

188. The circular RNA precursor of any one of items 136-187, wherein the at least one
protein-coding sequence encodes IL-2, POLR2A, or an aquaporin, such as AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

189. The circular RNA precursor of any one of items 136-188, wherein the at least one
protein-coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or
a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 117-
118.

190. The circular RNA precursor of any one of items 136-189, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 528, 529 and 535-536, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 528, 529 and 535-536.

191. A circular RNA precursor comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest;

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3’ direction: a non-coding
sequence fragment 11, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment II is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment I comprises a ribozyme
recognition site I located at its 3” end, the non-coding sequence fragment II comprises a ribozyme
recognition site II located at its 5° end, wherein in the generated circular RNA the ribozyme

recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
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sequence fragment I is connected with the non-coding sequence fragment II to form the complete
non-coding sequence.

192, The circular RNA precursor of item 191, wherein the non-coding sequence is an
endogenous circRNA.

193. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5 to 3’ direction: a non-TIE
functional element fragment II, a translation initiation element, and at least one protein-coding
sequence, and a non-TIE functional element fragment I;

wherein the non-TIE functional element fragment [ is derived from a 5’ terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment IT is derived
from a 3’ terminal portion of the non-TIE functional element, and

the non-TIE functional element fragment I comprises a ribozyme recognition site I located at
its 3” end, the non-TIE functional fragment II comprises a ribozyme recognition site II located at
its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected with
the ribozyme recognition site II, and thus the non-TIE functional element fragment 1 is connected
with the non-TIE functional element fragment II to form the non-TIE functional element.

194. The circular RNA precursor of item 193, wherein the non-TIE functional element is
selected from 3° UTR or a replicon.

195. The circular RNA precursor of any one of items 191-194, wherein the self-splicing intron,
the 3' self-splicing intron fragment, or the 5' self-splicing intron fragment is defined as in any one
of items 136-190.

196. The circular RNA precursor of any one of items 191-195, wherein the ribozyme
recognition site I is as defined in any one of items 136-190 and/or the ribozyme recognition site 11
is as defined in any one of items 136-190.

197. The circular RNA precursor of any one of items 191-196, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence II, which
are as defined in any one of items 180-184.

198. The circular RNA precursor of any one of items 191-197, wherein the translation

117



WO 2024/193634 PCT/CN2024/082941

initiation element is as defined in any one of items 185-186.

199. The circular RNA precursor of any one of items 193-198, wherein the at least one
protein-coding sequence is as defined in any one of items 136-190.

200. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5' to 3' direction: protein-coding
sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursor;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3” terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment IT comprises a ribozyme recognition site IT located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment [ is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or a protein having the same activity as the AQP-1 protein and derived from the AQP-1
protein through substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8,9, 10 or more amino acids
in the amino acid sequence of the AQP-1 protein.

201. The circular RNA precursor of item 200, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group 1
Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At).

202. The circular RNA precursor of item 200 or 201, wherein the self-splicing intron is
selected from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
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at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 1-6.

203. The circular RNA precursor of any one of items 200-202, wherein the self-splicing intron
is selected from a nucleotide sequence of any one of SEQ ID NO: 1 and 3, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 1 and 3.

204. The circular RNA precursor of any one of items 200-203, wherein the self-splicing intron
is the cyanobacterium Anabaena Group [ Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%or 100% identity to SEQ ID NO: 8.

205. The circular RNA precursor of any one of items 200-203, wherein the self-splicing intron
is the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 27 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 27, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 28 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 28.

206. The circular RNA precursor of any one of items 200-205, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site 11 is about 0 to about 35 nucleotides,
suchas 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

207. The circular RNA precursor of any one of items 200-206, wherein the total length of the
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ribozyme recognition site ['is 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

208. The circular RNA precursor of any one of items 200-207, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 58, 60 or 64.

209. The circular RNA precursor of any one of items 200-208, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

210. The circular RNA precursor of any one of items 200-209, wherein the ribozyme
recognition site I comprises a nucleotide sequence of UCCAGCUU or UCUGGCAU.

211. The circular RNA precursor of any one of items 200-210, wherein the ribozyme
recognition site IT comprises a nucleotide sequence of AACUGGA or AACCAGC.

212. The circular RNA precursor of any one of items 200-211, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 11 capable
of complementary pairing to each other to form a homology arm double-stranded region.

213. The circular RNA precursor of item 212, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence 11 is downstream
of the 5’ self-splicing intron fragment.

214. The circular RNA precursor of any one of items 212-213, wherein the homology arm
sequence I or the homology arm sequence II is about 5-50 nucleotides in length, preferably, about
10, 20, 30 or 40 nucleotides in length.

215. The circular RNA precursor of any one of items 212-214, wherein one of the homology
arm sequence I and the homology arm sequence II comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 such as 83-84, or a nucleotide sequence having at least 50%, at least 60%, at
least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence
identity to any one of SEQ ID NO: 71-94 such as 83-84, while the other homology arm sequence
comprises the corresponding complementary sequence.

216. The circular RNA precursor of any one of items 200-215, wherein the translation
initiation element is an internal ribosome entry site (IRES) which is selected from CVB3, HRV-
B3, BRAV-1 L, PV1 L, CAV2 L, BRAV-1, PV1, or CAV2, preferably CVB3.
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217. The circular RNA precursor of any one of items 200-216, wherein the IRES comprises
a nucleotide sequence of SEQ ID NO: 121, or comprises a nucleotide sequence having at least
75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence
identity to SEQ ID NO: 121.

218. The circular RNA precursor of any one of items 200-217, wherein the at least one
protein-coding sequence comprises an AQP1-coding sequence, such as a nucleotide sequence of
SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at lecast 82%, at lecast 83%, at lecast 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 118.

219. The circular RNA precursor of any one of items 200-218, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 533-534, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at lcast 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 533-534.

220. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5' to 3' direction: a translation initiation
element fragment I1, at least one protein-coding sequence encoding an aquaporin and a translation
initiation element fragment I; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising a translation initiation element fragment II, at least one protein-coding
sequence, and a translation initiation element fragment I through the self-splicing of the circular
RNA precursor;

wherein the translation initiation element fragment I is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment 11 is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located

at its 3° end, the translation initiation element fragment IT comprises a ribozyme recognition site I1
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located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation;

wherein the aquaporin is preferably AQP-1 protein or a protein having the same activity as
the AQP-1 protein and derived from the AQP-1 protein through substitution, deletion or addition
0of1,2,3,4,5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

221. The circular RNA precursor of item 220, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group |
Intron (Azo), Scytalidium dimidiatum Group [ Intron (Sd), Staphylococcus phage Twort Group 1
Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At).

222. The circular RNA precursor of item 220 or 221, wherein the self-splicing intron is
selected from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at lecast 84%, at least 85%, at lcast 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 1-6.

223, The circular RNA precursor of any one of items 220-222, wherein the self-splicing intron
is selected from a nucleotide sequence of any one of SEQ ID NO: 1, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 1.

224, The circular RNA precursor of any one of items 220-223, wherein the self-splicing intron
is the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.
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225. The circular RNA precursor of any one of items 220-224, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site II is about 0 to about 35 nucleotides,
suchas 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

226. The circular RNA precursor of any one of items 220-225, wherein the total length of the
ribozyme recognition site I'is 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

227. The circular RNA precursor of any one of items 220-226, wherein the ribozyme
recognition site T comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 58 or 60.

228. The circular RNA precursor of any one of items 220-227, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

229. The circular RNA precursor of any one of items 220-228, wherein the ribozyme
recognition site I comprises a nucleotide sequence of UGUAACUU.

230. The circular RNA precursor of any one of items 220-229, wherein the ribozyme
recognition site II comprises a nucleotide sequence of AGAAGUAAC or AAAAUUACA.

231. The circular RNA precursor of any one of items 220-230, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 11 capable
of complementary pairing to each other to form a homology arm double-stranded region.

232. The circular RNA precursor of item 231, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence 1T is downstream
of the 5’ self-splicing intron fragment.

233. The circular RNA precursor of any one of items 231-232, wherein the homology arm
sequence I or the homology arm sequence II is about 5-500 nucleotides in length, preferably, about
10, 20, 30, 40 or 50 nucleotides in length.

234. The circular RNA precursor of any one of items 231-233, wherein one of the homology
arm sequence I and the homology arm sequence II comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 such as 83-84, or a nucleotide sequence having at least 50%, at least 60%, at
least 70%, at lcast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
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identity to any one of SEQ ID NO: 71-94 such as 83-84, while the other homology arm sequence
comprises the corresponding complementary sequence.

235. The circular RNA precursor of any one of items 220-234, wherein the translation
initiation ¢lement is an internal ribosome entry site (IRES) which is selected from CVB3, HRV-
B3, BRAV-1 L,PVI1 L, CAV2 L, BRAV-1, PV1, or CAV2, preferably CVB3.

236. The circular RNA precursor of any one of items 220-235, wherein the IRES comprises
a nucleotide sequence of SEQ ID NO: 121, or comprises a nucleotide sequence having at least
75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to SEQ ID NO: 121.

237. The circular RNA precursor of any one of items 220-236, wherein the at least one
protein-coding sequence comprises a AQP-1-coding sequence, such as a nucleotide sequence of
SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 8 1%, at lecast 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to any one of
SEQ ID NO: 118.

238. The circular RNA precursor of any one of items 220-237, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 535-536, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 535-536.

239. A nucleic acid vector for generating a circular RNA molecule, said vector comprises a
coding sequence of the circular RNA precursor of any one of items 1-238.

240. The nucleic acid vector of item 239, which further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor.

241. The nucleic acid vector of item 240, wherein the promoter is a T7 RNA polymerase
promoter, a T6 viral RNA polymerase promotet, a SP6 viral RNA polymerase promoter, a T3 viral
RNA polymerase promoter or a T4 viral RNA polymerase promoter, preferably a T7 RNA
polymerase promoter.

242. A method for preparing a circular RNA, comprising:

1) providing the circular RNA precursor of any one of items 1-238 or obtaining a circular

RNA precursor by transcribing from the nucleic acid vector of any one of items 239-241;
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2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

243. The method of item 242, wherein the divalent metal cation is Mg?* and/or Mn*",

244, The method of item 242 or 243, wherein the concentration of the divalent metal cation
is about 5 mM to about 550 mM.

245. A method for preparing a circular RNA, comprising

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to
produce a circular RNA.

246. The method of item 245, wherein the nucleic acid vector is the nucleic acid vector of
any one of items 239-241.

247. The method of item 245 or 246, wherein the divalent metal cation in the in vitro
transcription system is Mg?".

248. The method of any one of items 245-247, wherein the in vitro transcription system
further comprises a monovalent metal cation and/or a monovalent anion.

249, The method of item 248, wherein the monovalent metal cation is Na* or K.

250. The method of item 248, wherein the monovalent anion is Cl- or CH3COO™ (OAc).

251. The method of any one of items 245-250, wherein the concentration of the divalent metal
cation in the system during the first time period is from about 5 mM to about 50 mM.

252. The method of any one of items 248-251, wherein the concentration of the monovalent
metal cation in the system during the first time period is from about 5 mM to about 100 mM.

253, The method of any one of items 248-252, wherein the concentration of the monovalent
anion in the system during the first time period is from about 5 mM to about 150 mM.

254. The method of any one of items 245-253, wherein the method does not comprise a step
of isolating and/or purifying the linear RNA produced by the in vitro transcription,

255. The method of any one of items 245-254, wherein the buffer of the in vitro transcription
system is selected from Tris-HCI buffer, HEPES buffer, MES buffer, citrate buffer, or phosphate
buffer, preferably, the buffer of the in vitro transcription system is HEPES buffer.

256. The method of any one of items 245-255, wherein the in vitro transcription system has
a pH of about 5- about §, preferably, the in vitro transcription system has a pH of about 7.5.

257. The method of any one of items 245-256, wherein the RNA polymerase is selected from
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a T7 RNA polymerase, a T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA
polymerase, or a T4 viral RNA polymerase, preferably, the RNA polymerase is T7 RNA
polymerase.

258. The method of any one of items 245-257, wherein the first time period is about 0.5 hours
to about 24 hours, preferably, the first time period is 3 hours.

259. The method of any one of items 245-258, wherein the incubation for the first time period
is carried out at about 16°C to about 60°C, preferably, the incubation for the first time period is
carried out at about 37°C.

260. The method of any one of items 245-259, wherein after incubation for the first time
period in step b), the method further comprises step ¢):

adding an additional amount of metal cation to the in vitro transcription system and incubating
for a second time petiod; or

changing the buffer of the system, adding a metal cation and incubating for a second time
period.

261. The method of item 260, wherein the metal cation added for the incubation for the second
time period is a divalent metal cation, such as Mg** or Mn?",

262. The method of item 260 or 261, wherein during the incubation for the second time period,
the metal cation is added to a final concentration of about 5 mM to about 550 mM.

263. The method of any one of items 260-262, wherein the buffer of the system is changed to
Tris-HCI buffer, HEPES buffer, MES buffer, citrate buffer, or phosphate buffer during the second
time period.

264. The method of any one of items 260-263, wherein the pH of the system during the second
time period is 5-8.

265. The method of any one of items 260-264, wherein the second time period is about 5
minutes to about 8 hours, about 5 minutes to about 6 hours, about 5 minutes to about 4 hours, or
about 5 minutes to about 2 hours.

266. The method of any one of items 260-265, wherein the incubation for the second time
period is carried out at about 25°C to about 75°C, such as about 37°C.

267. The method of any one of items 260-266, wherein the method further comprises a step
of recovering or purifying the circular RNA as produced.

268. A method for purifying a circular RNA, comprising:

a) contacting a mixture comprising the circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
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the circular RNA-specific probe; and

¢) releasing the circular RNA from the complex.

269. The method of item 268, wherein the circular RNA is prepared by circularizing a circular
RNA precursor.

270. The method of item 268 or 269, wherein the circular RNA is prepared by ligating both
ends of a linear circular RNA precursor with an RNA ligase, or, the circular RNA is prepared by
the self-splicing ribozyme activity of self-splicing intron-based circularizing elements contained
in the circular RNA precursor.

271. The method of any one of items 268-270, wherein the circulat RN A-specific probe is a
single-stranded DNA or RNA probe.

272. The method of any one of items 268-271, wherein the circular RNA-specific probe
specifically hybridizes to a region flanking the circularization junction of the circular RNA.

273. The method of any one of items 268-272, wherein the circular RNA-specific probe is
about 10 nucleotides-about 35 nucleotides, about 10 nucleotides- about 50 nucleotides, about 10
nucleotides- about 80 nucleotides, or about 10 nucleotides- about 100 nucleotides in length or
longer.

274. The method of any one of items 268-273, wherein the circular RNA-specific probe is
immobilized on a support such as a solid support, e.g., the circular RNA-specific probe is
immobilized on the support after binding to the circular RNA or the circular RNA-specific probe
is pre-immobilized on the support.

275. The method of any one of items 268-274, wherein the condition in step a) include
denaturing the RNA at between about 60°C and about 95°C for about 2 minutes to about 10
minutes, then gradually reducing the temperature to below about 40°C to allow the circular RNA
annealing to the circular RNA-specific probe.

276. The method of item 275, wherein step c) is performed by increasing the temperature to
about 60°C to about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C,
about 70°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) to release the circular
RNA.

277. The method of any one of items 268-276, wherein the condition in step a) comprises a
high salt concentration range of 0.25M-2M.

278. The method of item 277, wherein the salt is NaCl or a guanidine salt.

279. The method of item 277 or 278, wherein in step c) the circular RNA is released by elution
with an elution buffer, such as a low salt buffer.

280. The method of item 279, wherein the elution buffer is Tris-EDTA buffer (TE buffer) or

water.
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281. The method of any one of items 268-280, wherein in step b), the one or more components
are removed by washing the complex with a washing buffer.

282. The method of any one of items 268-28 1, which further comprises the following steps:

1) contacting the mixture comprising the circular RNA and the circular RNA precursor to a
linear circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor;

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture, and

ii1) collecting the circular RNA-containing mixture obtained in step 1i1).

283. The method of item 282, wherein steps 1)-iii) are performed before step a), for example,
steps 1)-iii) may be performed multiple times before step a), e.g., 2, 3, 4 or more times.

284. The method of item 283, wherein steps i)-iii) are performed concurrently with steps a)-
c).

285. A method for purifying a circular RNA, comprising:

i) contacting a mixture comprising the circular RNA and the circular RNA precursor to a
circular RNA precursor-specific probe under a condition that allows the circular RNA precursor-
specific probe to specifically bind to and form a complex with the circular RNA precursor; and

i) removing the complex formed by the circular RNA precursor-specific probe with the
circular RNA precursor from the mixture,

ii1) collecting the circular RNA-containing mixture obtained in step ii), and

optionally, steps 1)-ii1) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

286. The method of item 285, wherein the circular RNA precursor-specific probe specifically
binds to the circular RNA precursor and does not substantially bind to the circular RNA.

287. The method of item 285 or 286, wherein the circular RNA precursor-specific probe is
immobilized on a support, such as a solid support, for example, the circular RNA precursor-
specific probe is immobilized on the support after binding to the circular RNA precursor, or the
circular RN A precursor-specific probe is pre-immobilized on the support.

288. The method of any one of items 285-287, wherein the circular RNA precursor is selected
from the circular RNA precursor of any one of items 21-76,

wherein the circular RNA precursor is capable of removing the 3 self-splicing intron
fragment and the 5° self-splicing intron fragment by self-splicing, generating a circular RNA
comprising the first residual circularizing element, the nucleotide sequence of interest and the
second residual circularizing element.

289. The method of item 288, wherein the circular RNA precursor-specific probe specifically
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hybridizes to at least a portion of the first residual circularizing element or the second residual
circularizing element.

290. The method of item 288 or 289, wherein the circular RNA precursor-specific probe
hybridizes to a portion of the circular RNA precursor outside the first residual circularizing element,
the nucleotide sequence of interest, and the second residual circularizing element.

291. The method of any one of items 288-290, wherein the circular RNA precursor-specific
probe hybridizes to the 3 self-splicing intron fragment or a portion thereof or a 5° flanking
sequence thereof, or the 5° self-splicing intron fragment or a portion thereof or a 3’ flanking
sequence thereof.

292. The method of any one of items 288-291, wherein the circular RNA precursor contains
a sequence selected from SEQ ID NOs: 600-610 or a complementary sequence thereof, preferably,
SEQ ID NO:606 or a complementary sequence thereof outside the first residual circularizing
element, the nucleotide sequence of interest, and the second residual circularizing element, to
which the circular RNA precursor-specific probe specifically hybridizes.

293. The method of any one of items 285-287, wherein the circular RNA precursor is selected
from the circular RNA precursor of any one of items 77-238,

wherein the circular RNA precursor is capable of removing the 3’ self-splicing intron
fragment and the 5’ self-splicing intron fragment by self-splicing, generating a circular RNA
comprising the nucleotide sequence of interest.

294, The method of item 293, wherein the circular RNA precursor-specific probe hybridizes
to a portion of the circular RNA precursor outside the nucleotide sequence of interest.

295. The method of any one of items 293-294, wherein the circular RNA precursor-specific
probe hybridizes to the 3° self-splicing intron fragment or a portion thereof or a 5° flanking
sequence thereof, or the 5° self-splicing intron fragment or a portion thereof or a 3’ flanking
sequence thereof,

296. The method of any one of items 293-295, wherein the circular RNA precursor contains
a sequence selected from SEQ ID NOs: 600-610 or a complementary sequence thereof, preferably,
SEQ ID NO:606 or a complementary sequence thereof outside the nucleotide sequence of interest,
to which the linear circular RNA precursor-specific probe specifically hybridizes.

297. The method of any one of items 285-296, wherein the molar ratio of the probe to the
RNA molecules in the mixture is from about 1:1 to about 200,000:1, from about 1:1 to about
150,000:1, from about 1:1 to about 100,000:1, from about 1:1 to about 90,000:1, from about 1:1
to about 80,000:1, from about 1:1 to about 70,000:1, from about 1:1 to about 60,000:1, from about
1:1 to about 50,000:1, from about 1:1 to about 40,000:1, from about 1:1 to about 30,000:1, from
about 1:1 to about 20,000:1, from about 1:1 to about 10,000:1.
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298. A method for purifying a circular RNA, comprising:

i) adding a linear RNA-specific tag to a mixture comprising circular RNA and linear RNA,
wherein the linear RNA-specific tag can be linked to the linear RNA;

it) contacting the mixture comprising circular RNA and linear RNA with a linear RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

iif) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

1v) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps 11)-iv) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

299. The method of item 298, wherein the tag comprises a polyA, polyG, polyU, or polyC
sequence.

300. The method of item 298 or 299, wherein the tag is about 10-200nt in length or the probe
is about 10-200nt in length.

301. The method of any one of items 298-300, wherein the tag is added to the linear RNA by
adding a PolyA/T/C/G polymerase or a ligase to the mixture.

302. The method of any one of items 298-301, wherein the linear RNA probe specifically
binds to the added tag without substantially binding to the circular RNA.

303. The method of any one of items 298-302, wherein the linear RNA probe is a single-
stranded DNA probe, or a single-stranded RNA probe.

304. The method of any one of items 298-303, wherein the linear RNA probe is immobilized
on a support such as a solid support, for example, the linear RNA probe is immobilized on the
support after binding to the linear RNA, or, the linear RNA probe is pre-immobilized on the support.

305. The method of any one of items 242-304, wherein the circular RNA comprises a
nucleotide sequence of any one of SEQ ID NO: 543-558, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at
least 99% sequence identity to any one of SEQ ID NO: 543-558.

306. A circular RNA, which is prepared from the circular RNA precursor of any one of items
1-238, prepared by the method of any one of items 242-267, purified by the method of any one of
items 268-305 or generated by the nucleic acid vector of any one of items 239-241.

307. The circular RNA of item 306, which comprises a nucleotide sequence of any one of
SEQ ID NO: 543-558, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
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87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to any one
of SEQ ID NO: 543-558.

308. Use of the circular RNA precursor of any one of items 1-238 and/or the circular RNA of
any one of items 306-307 as an expression vector.

309. A pharmaceutical composition comprising the circular RNA precursor of any one of
items 1-238 and/or the nucleic acid vector of any one of items 239-241 and/or the circular RNA of
any one of items 306-307, and a pharmaceutically acceptable carrier.

310. A product expressed by the circular RNA of any one of items 306-307.

311. The product of item 310, which comprises [L.-2, POLR2A, or an aquaporin, such as
AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from the
AQP-1 protein through substitution, deletion or addition of 1, 2, 3, 4,5, 6, 7, 8§, 9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

312. A method for preventing or treating a disease or condition in a subject, comprising
administering to a subject the circular RNA of any one of items 306-307, or the pharmaceutical
composition of item 309.

313. The method of item 312, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

314. Use of the circular RNA of any one of items 306-307 or the pharmaceutical composition
of item 309 in the manufacture of a medicament for preventing or treating a discase or condition
in a subject.

315. The use of item 314, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

316. A method of screening a target open reading frame (ORF) sequence encoding a target
polypeptide for a nucleotide motif, comprising steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > 1;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codon; and

3) identifying nucleotide sequences obtained from step 2) that matches the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
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precursor.

317. A system for screening a target open reading frame (ORF) for a nucleotide motif, wherein
the target open reading frame (ORF) is a nucleotide sequence encoding a target polypeptide, and
the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which is used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequence
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target
codon sequence contain a nucleotide sequence that exactly matches the motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

318. Amethod for screening a target internal ribosome entry site (IRES) for a nucleotide motif,
comprising steps of:

1) identifying regions of non-conservative sequences of the target IRES by comparing the
target IRES with the other IRES sequences from the same viral subgenus, through multiple
sequence alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

319. A system for screening a target internal ribosome entry site (IRES) for a nucleotide motif,
wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conserved sequence;

b) a low-structure prediction module, which is used for determining a low-structure region
within the target IRES according to the result of the multiple sequence alignments of the target
IRES; and
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¢) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

320. A method for screening a target non-TIE functional element for a nucleotide motif,
comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as a 3’UTR or replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

321. A system for screening a target region sequence in a non-TIE functional element
sequence (such as a 3’UTR or replicon) for a nucleotide motif, wherein the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the non-TIE functional element sequence to obtain an edited region matching the nucleotide motif;,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

322. A method for screening a target non-coding sequence for a nucleotide motif, comprising
a step of:

1) editing 0, 1, or 2 bases on the non-coding sequence so that the non-coding sequence
comprises an edited region that matches the nucleotide motif whilst maintaining the non-coding
sequence’s function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU; and

2) optionally, selecting the target non-coding sequence as the circularizing sequence of a
circular RNA precursor, wherein the target non-coding sequence is an endogenous circRNA.

323. A system for screening a target non-coding sequence for a nucleotide motif, wherein the
target non-coding sequence is an endogenous circRNA, and the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the target non-coding sequence to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU.

Examples

The following examples have been included to provide guidance to one of ordinary skill in

133



WO 2024/193634 PCT/CN2024/082941

the art for practicing representative embodiments of the presently disclosed subject matter. In light
of the present disclosure and the general level of skill in the art, those of skill can appreciate that
the following examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the scope of the presently
disclosed subject matter. The synthetic descriptions and specific examples that follow are only
intended for the purposes of illustration, and are not to be construed as limiting in any manner the

present invention.

Example 1. The permutation intron exon (PIE) design of Group I Intron

Permuted forms of group I introns in circular RNA precursors, which are interrupted by exon
sequence, would fold into an active structure capable of splicing via the normal pathway. If the
permuted intron-exon (PIE) sequence is active, the prediction is that a circular form of the ligated
exon would be generated. Nonetheless, only a few permuted Group I Introns are used in the art
that enables the self-splicing activities of Introns in the PIE system. Whether or not the Group 1
Introns will maintain the self-splicing activities after permuted at any site within the intron is
unknown. Group [ introns also possess at their core a conserved architecture formed by 10 paired
segments (P1-P10) organized in three domains: a structural domain (P4-P6) that folds
independently in the intron, a substrate domain (P1, P10), and a catalytic domain (P3, P7, and P8).
These secondary structures create even more uncertainty for the selection of permutation sites
within the self-splicing introns used for the PIE system. Which particular site is suitable as a site
for PIE design is unknown.

We designed a variety of permutation sites at loop area of P2, P4-5, P5, P6, P8, and P9 of
Azoarcus Group I Intron (Fig. 1), at loop area of P2, P5, P6, P8, and P9 of Scytalidium dimidiatum
Group I Intron (Fig. 3), and at loop area of P2, P4-5, PS, Po, P7, P§, P9, P9.1 of Staphylococcus
phage Twort Group I Intron (Fig. 5), and P2, P4-5, P6 and P9 of Scytonema hofmanii Group I
intron (Fig. 7).

Example 2. Circularization efficiency of Azoarcus Group I Intron with different
permutation sites

The basic principle is to connect exons E1- E2 end to end by molecular cloning to generate a
continuous circular plasmid. The introns are cleaved by restrictive endonucleases to obtain
linearized plasmids. Then, in vitro transcription is performed through the promoter upstream of
the inverted 3' intron to obtain a linear RNA containing the structure of 3' intron-E2-E1-5' intron.
The conserved sequence of specific cleavage site of exon El is cleaved by the nucleophilic attack

of the free 3' hydroxyl of guanosine, exon E1 produces an exposed 3' hydroxyl, and guanosine
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binds to the cleaved 5' intron. Subsequently, the exposed 3' hydroxyl of exon E1 attacks the
conserved sequence between the 3' intron and exon E2, the 3' intron is excised, and exon E2 and
E1 get connected. The reaction results in circular E1-E2 RNA (Fig. 14).

Taking circPOLR2A as the example, the homology arms, 3 permuted intron-exon (PIE)
construct of Azoarcus sp Group I Intron (3’intron and Exon2), circPOLR2A, 5’ permuted intron-
exon (PIE) construct of Azoarcus sp Group [ Intron (Exonl and 5’intron) and homology arms were
cloned into the plasmid containing a T7 RNA polymerase promoter by Gibson assembly. The
circPOLR24 RNAs were produced by in vitro transcription (IVT) from the linearized plasmid
template using the T7 RNA polymerase according to manufacturer’s instruction, and then an
additional step of incubation with 30mM Mg*" at 55°C for 15min. Circularization cfficiency of
constructs was measured by native agarose gel. Circularization efficiency of the 6 main
permutation sites (P2, P4-5, PS5, P6, P8, P9) of Azoarcus Group I Intron (Azop) are shown in Fig.2
and Table 1. The permutation sites are varied from hairpin loop to internal loop. The permutation
site of P4-5 and P9 domain which are located in internal loop showed the lower circularization
efficiency. On the contrary, when the permutation site in the hairpin loop, such as P5, P6 and P8
domain, the circularization efficiency is relatively high. Although permutation site in P2 domain
is a hairpin loop, it involved in forming the catalytic core of the Group I Intron, so disrupting the
integrity of the P2 domain affect the splicing efficiency. These results indicate that the permutation
site of Azoarcus Group I Intron (Azop) is better selected in hairpin loop than in functional domain
or internal loop. Circularization efficiency is defined as the grayscale value for each of
circRNA/precursor RNA or circRNA/(circRNA+precursor RNA). RNase R was used as a tool
enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear

RNAs with free ends, but not circular RNAs.

Table 1
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
P2 Functional domain 43%
P4-5 Internal loop 14%
P5 Hairpin loop 52%
P6 Hairpin loop 56%
P8 Hairpin loop 52%
P9 Internal loop 42%

Example 3. Circularization efficiency of S. dimidiatum Group I Intron with different

permutation sites
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Taking circPOLR2A as the example, the homology arms, 3” permuted intron-exon (PIE)
construct of Scytalidium dimidiatum Group I Intron (3’intron and Exon2), circPOLR2A, 5’
permuted intron-exon (PIE) construct of Scytalidium dimidiatum Group I Intron (Exonl and
5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR2A RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction, and then an additional step of incubation with 30mM Mg*" at 55°C for
15min. Circularization efficiency of constructs was measured by native agarose gel.
Circularization efficiency of the 5 main permutation sites (P2, PS5, P6, P8, P9) are shown in Fig.4
and Table 2. The results show that the RNA circularization is inhibited when the permutation site
is in function domain, such as P2 domain. On the contrary, when the permutation site is in the
hairpin loop, such as PS5, P6, P§ and P9 domain, the circularization efficiency is relatively high. It
indicates that the permutation site of Scytalidium dimidiatum Group I Intron is better selected in
hairpin loop than in functional domain. Circularization efficiency is defined as the grayscale value
for each of circRNA/precursor RNA or circRNA/(circRNA+precursor RNA). RNase R was used
as a tool enzyme for verifying the circular structure of circular RNAs, and it can effectively
degrade linear RNAs with free ends, but not circular RNAs.

Table 2
Code Predicted Location | Circulérization efficiency
circRNA/(circRNA+precursor RNA)

P2 Functional domain 10%
P5 Hairpin loop 29%
P6 Hairpin loop 30%
P8 Hairpin loop 28%
P9 Hairpin loop 28%

Example 4. Circularization efficiency of Staphylococcus phage Twort Group I Intron
with different permutation sites

Taking circPOLR2A as the example, the homology arms, 3 permuted intron-exon (PIE)
construct of Staphylococcus phage Twort Group I Intron (3’intron and Exon2), circPOLR2A, 5’
permuted intron-exon (PIE) construct of Staphylococcus phage Twort Group I Intron (Exonl and
5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR24 RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction, and then an additional step of incubation with 30mM Mg*" at 55°C for
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15min. Circularization efficiency of constructs was measured by native agarose gel.
Circularization efficiency of the 8§ main permutation sites (P2, P4-5, P5, P6, P7, P8, P9, P9.1) are
shown in Fig.6 and Table 3. The permutation sites are varied from hairpin loop to internal loop.
The results show that the RNA circularization is inhibited when the permutation site is in internal
loop, such as P4-5 domain. On the contrary, when the permutation site is in the hairpin loop, such
as P2, P5, P6, P7, P§, P9 and P9.1 domain, the circularization efficiency is relatively high. It is
indicated that the permutation site of Staphylococcus phage Twort Group I Intron is better selected
in hairpin loop than in internal loop. And there’s no significant difference whether the PIE site is
symmetrical or asymmetrical from “stem”. Circularization efficiency is defined as the grayscale
value for each of circRNA/precursor RNA or circRNA/(circRNA-+precursor RNA). RNase R was
used as a tool enzyme for verifying the circular structure of circular RNAs, and it can effectively

degrade linear RNAs with free ends, but not circular RNAs.

Table 3
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
P2 Hairpin loop 52%
P4-5 Internal loop 18%
PSs Hairpin loop 61%
P6 Hairpin loop 71%
P7 Hairpin loop 68%
P8 Hairpin loop 67%
P9 Hairpin loop 66%
P9.1 Hairpin loop 70%

Example 5. Circularization efficiency of Scytonema-hofmani tRNA fMet Group I Intron
with different permutation sites

Taking circPOLR2A as the example, the homology arms, 3’ permuted intron-cxon (PIE)
construct of Scytonema hofmanii tRNA fMet Group I Intron (3’intron and Exon?2), circPOLR2A,
5’ permuted intron-exon (PIE) construct of Scytonema hofmanii tRNA fMet Group I Intron (Exonl
and 5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR2A RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction, and then an additional step of incubation with 30mM Mg>" at 55°C for

15min. Circularization efficiency of constructs was measured by native agarose gel.
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Circularization efficiency of the 4 main permutation sites (P2, P4-5, P6 and P9) of Scytonema
hofmanii tRNA fMet Group I Intron (Sh) are shown in Fig.8 and Table 4. The permutation sites
are varied from hairpin loop to internal loop. The results show that the RNA circularization is
inhibited when the permutation site is in functional domain or internal loop, such as P2 and P4-5
domain. On the contrary, when the permutation site is in the hairpin loop, such as P6 and P9 domain,
the circularization efficiency is relatively high. It is indicated that the permutation site of
Scytonema hofmanii tRNA fMet Group I Intron (Sh) is better selected in hairpin loop than in
functional domain or internal loop. Circularization efficiency is defined as the grayscale value for
each of circRNA/precursor RNA or circRNA/(circRNA+precursor RNA). RNase R was used as a
tool enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade
linear RN As with free ends, but not circular RNAs.
Table 4

Circularization efficiency
circRNA/(circRNA+precursor RNA)

Code Predicted Location

P2 Functional 27.16%
P4-5 Internal loop 16.71%
P6 Hairpin loop 58.99%
P9 Hairpin loop 49.16%

Example 6. Comparison of the circularization efficiency between Staphylococcus phage
Twort Group I Intron and Anabaena Group I Intron

In order to compare the efficiency of Azoarcus Group I Intron, Twort Group I Intron, Sh
Group I Intron and Anabaena Group I Intron for formulation of circRNA, we constructed Azoarcus,
Twort, Sh and Anabaena plasmids containing T7 promoter, 5’ homology arm, 3’ permuted intron-
exon (PIE) construct of Group I Intron (3’intron and Exon2), a Salivirus FHB IRES with IL2
sequence or a CVB2 IRES with Luciferase sequence, 5’permuted intron-exon (PIE) construct of
Group I Intron (Exon1 and 5’intron) and 3 homology arm to generate the circIL2 or circLuciferase
using the group I intron circularization method that introduced above and the circularization
efficiency was visualized on agarose gel (Fig. 9, Table 5 and Table6). The selection of PIE sites of
Azoarcus Group I Intron, Twort Group I Intron and Sh Group I Intron (P6 and P8 from Azoarcus
intron, P6 and P9-1 from Twort intron, P6 from Sh intron) were based on the cleanest and the
highest circularization efficiency PIE sites for circPOLR2A cargo. Circularization efficiency is
defined as the grayscale value for each of cricRNA/precursor RNA.

The result showed that compared with Anabaena Group I Intron (AnaX as set forth in SEQ
ID NO:1), the circularization efficiency of Twort Group I Intron (SEQ ID NO:3) and Sh Group 1
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Intron (SEQ ID NO:5) is significantly improved in the IL-2 (Fig.9A) or Luciferase cargo (Fig.9B),

and Azoarcus Group I Intron (SEQ ID NO:2) has slight increase. RNase R was used as a tool

enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear

RNAs with free ends, but not circular RNAs.

Table 5
Circularization efficiency
Code Predicted Location  [circRNA/(circRNA-+precursor
RNA)
AnaX 18%
Azop-P6 Hairpin loop 26%
Azop-P8 Hairpin loop 22%
Twort-P6 Hairpin loop 41%
Twort-P9.1 Hairpin loop 36%
Table 6
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
AnaX 11%
Sh-P6 Hairpin loop 35%

Example 7. Circularization efficiency of Agrobacterium-tumefaciens Group I Intron

We designed permutation sites at loop area of P6 domain of Agrobacterium-tumefaciens

Group I Intron to test the circularization efficiency of the novel group I introns. circPOLR2A was

generated in vitro by Agrobacterium-tumefaciens Group I Intron in a self-splicing reaction buffer

(50 mM Tris-HCI, 10 mM MgCl, 1 mM DTT, pH 7.5). The circularization efficiency was

visualized on agarose gel (Fig. 10, Table 7). The results show that Agrobacterium-tumefaciens

Group I Intron can achieve circRNA formulation. The circularization efficiency is defined as the

grayscale value for each of circRNA/precursor RNA or circRNA/(circRNA-+precursor RNA).

RNase R was used as a tool enzyme for verifying the circular structure of circular RNAs, and it

can effectively degrade linear RNAs with free ends, but not circular RNAs.

Table 7
Circularization efficiency
Code Predicted Location . .
circRNA/(circRNA+precursor RNA)
P6 Hairpin loop 42%
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Example 8. The effect of sequence characteristic of homology arm outside the self-
splicing intron fragment on RNA circularization

In order to improve the RNA circularization efficiency of group I intron, we tested the
homology arm sequence outside the intron fragment of the AnaX system, including 1) using the
endogenous non-complementary sequence (300 bp) from POLR2A intron 1 as 5’homology arm
and fully complementary sequence (300 bp) of POLR2A intron 1 as 3’homology arm; 2) truncating
the endogenous non-complementary sequence (300 bp) from POLR2A4 intron 1 to 100 bp; 3) using
the natural 4/uSz sequence (285nt) as S’homology arm and AluYa5 sequence (174nt) as
3’homology arm, and incomplete complementary pairing of partial A/uSz and AluYa5 sequences;
4) modifying the natural AfuYa5 (147nt) to generate an artificial fully complementary A/u pair as
homology arm; 5) truncating the endogenous non-complementary sequence (300 bp) from
POLR24 intron | to 50 bp which is strong complementary; 6) truncating the endogenous non-
complementary sequence (300 bp) from POLR24 intron 1 to 50 bp which is weak complementary
(Fig. 11).

Next, we examined the effect of the retrofitted homology arm sequence outside the intron
fragment on the circularization efficiency of the AnaX system. Taking the circularization of CVB3-
I1.2 RNAs as an example, the circularization efficiency was detected by denature PAGE gel. The
results show that increasing the length of the complementary base-pairing sequence of the
homology arm can improve the RNA circularization efficiency until the circularization efficiency
reaches a level close to 100%. In addition, when the homology arm sequence was changed to
highly complementary state, RNA circularization efficiency had obvious better effect. On the
contrary, the non-complementary sequence reduced the RNA circularization efficiency (Fig. 12).
The circularization efficiency is defined as the grayscale value for each of circRNA/(precursor
RNA+circRNA) (Fig. 12). RNase R was used as a tool enzyme for verifying the circular structure
of circular RNAs, and it can effectively degrade linear RNAs with free ends, but not circular RNAs.
Then, we analyzed the average complementary base-pairing strength of each base on the homology
arm, and the results show that the lower the minimum free energy of the base, the stronger the

pairing strength, and the higher efficiency of circRNA formation (Fig. 13).

Example 9. The Clean PIE design for AnaX Group I Intron

For AnaX group I intron, the 3 nucleotides motif (CUU, CUC or CAU) is the ribozyme
recognition site I that pairs with the internal guide sequence (IGS) of the 5' intron to form the P1
double-stranded region of the ribozyme, which can be used for the determination of the 5° splicing
site. We designed three types of precursors in which are the ribozyme recognition site I is in IRES,

cargo and functional element respectively (Fig.14 and 15).
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1. Design Clean PIE in IRES
Taking CVB3 as an example, we searched and identified the motif of CUU or CUC or CAU

in the corresponding low structure region of CVB3 through RNAalifold, and performed minimal

mutations on the flanking nucleotides of the motif to obtain the minimum base pairing numbers
required for circularization. The precursor sequence was designed as follows from 5° to 3” direction
(SEQ ID NO:528, 529, 535 and 536):

3’ self-splicing intron fragment, the sequence from downstream of motit CUU/CUC/CAU
(motif not inclusive) to the 3’ end of CVB3 (SEQ ID NO:554,556), cargo sequence, the sequence
from the 5’end of CVB3 to motif CUU/CUC/CAU (SEQ ID NO:555), and 5’ self-splicing intron
fragment.

2. Design Clean PIE in cargo

We searched and identified motif CUU or CUC or CAU through degenerate codon mutation
method in the cargo (ORF). The precursor sequence was designed as follows from 5 to 3” direction:

3’ self-splicing intron fragment, the sequence from downstream of motif CUU/CUC/CAU
(motif not inclusive) to the 3’ end of the ORF (SEQ ID NO:557, 559, 561), IRES sequence, the
sequence from the 5° end of the ORF to motif CUU/CUC/CAU (SEQ ID NO:558, 560, 562), and
5’ self-splicing intron fragment. A specific precursor was designed and the ORF of 1.2 or AQP1
is used, wherein the corresponding sequences are SEQ ID NO. 530, 531 and 533 as shown in Fig.
16 and 18.

3. Design Clean PIE in functional element

Taking 3°’UTR as an example, we searched and identified CUU or CUC or CAU on the 3’UTR

sequence. The precursor sequence was designed as follows from 5° to 3” direction:

3” self-splicing intron fragment, the sequence from downstream of motif CUU/CUC/CAU
(motif not inclusive) to the 3” end of the UTR, IRES sequence, cargo sequence, the sequence from

the 5’end of the UTR to motif CUU/CUC/CAU, and 5’ self-splicing intron fragment.

Example 10. The RNA circularization efficiency of CLEAN-PIE

Precursors (SEQ ID NO. 528-531) for circular CVB3-IL2 RNA were designed according to
the CLEAN-PIE strategy using the AnaX Group I Intron and were prepared by in vitro
transcription from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction. The circularization efficiency was visualized on agarose gel and
circular CVB3-IL2 prepared from traditional PIE method as the positive control (Fig. 17, Table 8).
The results show that CLEAN-PIE designed in IRES or Cargo can both achieve circular CVB3-
IL2 RNA, and the circularization efficiency was determined for different CLEAN-PIE designs.

The circular RNAs were identified by Sanger Sequencing. Circularization efficiency is defined as
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the grayscale value for each of circRNA/(precursor RNA+circRNA). RNase R was used as a tool
enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear

RNAs with free ends, but not circular RNAs.

Table 8
SEQ ID NO. CLEAN-PIE site Circularization efficiency
527 NA 60%
528 IRES: CVB3 40%
529 IRES: CVB3 45%
530 Cargo: IL2 59%
531 Cargo: 1L2 35%

Example 11. Translation efficiency and immunogenicity of circRNA obtained in
CLEAN-PIE

To investigate the translation efficiency and immunogenicity of circRNA obtained from the
CLEAN PIE, CLEAN-PIE were designed in CVB3 IRES or AQP1 cargo.

For CLEAN-PIE-IRES, we searched and identified CUU or CUC on CVB3. The precursor
sequence was designed as follows from 5 to 3’ direction (Fig. 18, SEQ ID NO.535 and 536):

3’ self-splicing intron fragment, the sequence from downstream of motif CUU (motif not
inclusive) to the 3’ end of CVB3 (SEQ ID NO:554,556), cargo sequence, the sequence from the
5’end of CVB3 to motif CUU (SEQ ID NO:555), and 5’ self-splicing intron fragment.

For CLEAN-PIE-Cargo, we first searched and identified CUU or CUC through degenerate
codon mutation method on AQP1. The precursor sequence was designed as follows from 5’ to 3’
direction (Fig. 18, SEQ ID NO.533):

3” self-splicing intron fragment, the sequence from downstream of motif CUU (motif not
inclusive) to the 3’ end of the ORF (SEQ ID NO:561), IRES sequence, the sequence from the
5’end of the ORF to motif CUU (SEQ ID NO:562), and 5’ self-splicing intron fragment.

Next, the CLEAN-PIE-circAQP1 was designed by following the above described strategies
based on AnaX Group I intron {(SEQ ID NO:1) and the precursors thereof were generated by in
vitro transcription using the T7 RNA polymerase according to manufacturer’s instruction.
circAQPI prepared from non-CLEAN PIE method was used as the positive control. Results show
that the CLEAN-PIE designed in IRES or Cargo can achieve AQP1 RNA circularization with
different efficiency (Fig. 19A). Then, we purified circAQP! in vitro by RNase R treatment to
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achieve high purity, and transfected circAQP1 (200ng/well) into human A253 cells in 12-well plate
using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection reagent. After 24
hours and 72 hours of transfection, the cells were harvested, and the expression level of the AQP1
was determined using Western blot. HSP90 was used as the internal reference. The results show
that circAQPI produced from CLEARN-PIE had higher translation efficiency (Fig. 19B).

Further, we transfected the CLEAN-PIE-circAQP1 (200 ng/well) into human A549 cells in
12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection reagent
to detect the immunogenicity. After 6 hours of transfection, the cells were harvested, and the
expression levels of the cytokines, including IFNB, TNFa, IL6 and RIG-1, were determined using
quantitative RT-PCR and normalized to 18S rRNA. The results show that compared to circAQP1
prepared from traditional PIE method, the purified circAQPI1 prepared via CLEAN-PIE
circularization methods showed no significant differences in the expression level of IFNB, TNFa,
IL6 and RIG-I (Fig. 19C).

These data demonstrated that the circAQPI prepared in vitro using CLEAN-PIE
circularization methods do not cause significant immune responses. IFNJB, TNFa, IL6 and RIG-1
are commonly used as marker genes for the measurement of cellular immunogenicity, and the
positive control Poly (I:C) is a commonly used long double-stranded RNA to mimic virus infection

at circular level. mRINA is used as a reference sequence (SEQ ID NO:624).

Example 12. In vivo expression of circRNA-hAQP1 injection

To evaluate the in vivo expression of AQPI, female wild Sprague Dawley rats of an age of 6
weeks were administrated with 100 L of PBS (Sangon Biotech) or LNP encapsulated CLEAN-
PIE-circAQP1 prepared in Example 11 at 0.5 pg, 1.5 pg, or 5 pg into the left submandibular
salivary gland via retrograde ductal infusion. On D3 and D16 post-treatment,in each group, both
administrated and non-administrated submandibular glands were collected from three animals for
immunohistochemistry (THC). A specific antibody against hAQP1 (Abcam) was used for IHC
staining,

As shown in Figures 22 and 23, higher signals were detected in the groups of higher doses
(1.5 and 5 pg) as compared to the 0.5 pug dose group. On day 16, hAQP1 expression was still
detectable in the animals injected with 5 pg in contrast to the animals treated with lower dose
levels.

Retrograde ductal infusion with LNP encapsulated CLEAN-PIE-circAQP1 increases in situ
expression level of hAQP! in the administrated submandibular glands rather than the non-
administrated one. The semi-quantitative analysis revealed a trend for dose responses with higher

expression at higher doses. The duration of in situ expression in administrated submandibular
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glands lasted from day 3 up to day 16.

Example 13. The CLEAN-PIE design for Twort Group I Intron

We designed CLEAN-PIE precursor using Twort Group [ introns. Taking circCVB3-AQP]1 as
an example, we searched the CAU through degenerate codon mutation method. The precursor
sequence was designed as follows from 5’ to 3” direction (Fig. 18, SEQ ID NO.534):

3’ self-splicing intron fragment, the sequence from downstream of motif CAU (motif not
inclusive) to the 3* end of AQPI (SEQ ID NO:563), IRES sequence, the sequence from the 5’end
of the ORF of AQP1I to motif CAU (SEQ ID NO:564), and 5’ self-splicing intron fragment.

Next, circCVB3-AQPI was generate by in vitro transcription using the T7 RNA polymerase
according to manufacturer’s instruction and then incubation with 30mM Mg" at 55°C for 15min
for self-splicing circularization. Results show that the CLEAN-PIE designed in cargo can achieve
RNA circularization (Fig. 19A). Then, we purified the circCVB3-AQPI in vitro by RNase R
treatment to achieve high purity, and transfected circCVB3-AQP! (200ng/well) into human A253
cells in 12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection
reagent. After 24 hours and 72 hours of transfection, the cells were harvested, and the expression
levels of the AQP1 were determined using western blot and HSP90 was used as the internal
reference. The results showed that circCVB3-AQP1 produced from CLEARN-PIE has higher
translation efficiency (Fig. 19B). It indicates that Twort group I intron can be used in CLEAN PIE
designs to achieve RNA circularization and circRNA translation.,

Further, we transfected the CLEAN-PIE circCVB3-AQP1 (200 ng/well) into human A549
cells in 12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection
reagent to detect the immunogenicity. After 6 hours of transfection, the cells were harvested, and
the expression levels of the cytokines, including IFNB, TNFa, IL6 and RIG-I, were determined
using quantitative RT-PCR and normalized to 18S rRNA. The results show that compared to
circCVB3-AQP] prepared from traditional PIE method, the purified cireCVB3-AQP1 prepared via
CLEAN-PIE circularization methods show no significant differences in the expression level of
IFNB, TNFa, IL6 and RIG-I (Fig. 19C). These data demonstrate that the circCVB3-AQPI
generated by CLEAN-PIE design of Twort group I intron does not cause significant immune
responses. [IFNB, TNFa, IL6 and RIG-I are commonly used as marker genes for the measurement
of cellular immunogenicity, and the positive control Poly (I:C) is a commonly used long double-

stranded RNA to mimic virus infection at circular level.

Example 14. The regulation of circRNA expression in cells by miRNA
MicroRNA (miRNA) are small non-coding RNA molecules containing 20 to 23 nucleotides.

144



WO 2024/193634 PCT/CN2024/082941

The main function of miRNAs is to induce mRNA degradation and translational repression by
forming complementary base-pairing with the 3' untranslated region (3'UTR) of target mRNAs. In
this example, we demonstrate the regulation of circRNA expression in cells by introducing miRNA
binding sites into circRNAs.

We inserted 1 (1x circRNA) or 2 (2x circRNA) tandem miRNA binding sites targeting
miRNA-122 or miR-671 respectively into the circRNA constructs that contain the IRES element
and luciferase coding sequence. Then circRNAs containing miRNA binding sites were transfected
into HEK293 cells overexpressing miRNA-122 or miR-671. The protein expression level and
RNA level of each circRNA were detected after transfection 6h, 24h and 48h, respectively.

The results show that the luciferase expression levels are significantly inhibited when
miRNA-122 or miR-671 binding sites were inserted into circRNAs (Fig. 20). In addition, the
amount of circRNAs containing miRNA-122 or miR-671 binding sites was also significantly
decreased compared to the control group (Fig. 20). The above results demonstrate that miRNA can
regulate circRNA expression by degrading circular RNA, and thus realize the cell type- or tissue-

specific expression of circular RNA.

Example 15. Regulation of circRNA translation by UTRs

Untranslated regions (UTR) flanking the ORF can bind with regulatory proteins and thus
affect the protein translational efficiency. In this example, we describe the regulation of circRNA
translation by introducing UTRs into the circular RNA. We inserted the UTR element into the 3’
end of RBD ORF sequence in the circular RNA and transfected the circular RNA into the THP1
cells, then detected the expression level after transfection 24h and 48h by western blot, respectively.
The results demonstrate that UTRs of different sequences may have different effects. UTR-1
enhanced the translation of circRNA, while UTR-2 and UTR-3 showed inhibitory effects (Fig. 21).

While the invention is described in conjunction with the enumerated embodiments, it will b
¢ understood that they are not intended to limit the invention to those embodiments. The inventio
n is intended to cover all alternatives, modifications, and equivalents that may be included within

the scope of the present invention. One skilled in the art will recognize many methods and mater
ials similar or equivalent to those described herein, which could be used in the practice of the pre
sent invention. The present invention is in no way limited to the methods and materials described
. In the event that one or more of the incorporated literature, patents, and similar materials differs
from or contradicts this application, including but not limited to defined terms, term usage, descr
ibed techniques, or the like, this application controls.

All references including patents, patent applications and publications cited in the present ap
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plication are incorporated herein by reference in their entirety, as if each of them is individually i
ncorporated. Further, it would be appreciated that one skilled in the art could make various chang
es or modifications to the invention without departing from the scope of the invention defined by
the appended claims below. Accordingly, the present invention is not intended to be limited to th
e disclosed embodiments. Rather the present invention is intended to cover the disclosed embodi
ments as well as others falling within the scope and spirit of the invention to the fullest extent per

mitted in view of this disclosure and the inventions defined by the claims appended herein below.

Sequences mentioned herein are listed as below:

S| Sequence Description

E

Q

I

D

N

o]

1 | AGACGCUACGGACUUARAUAAUUGAGCCUUAAAGRAAGARAUUCUUUAAGUGGAUGCUCUCAARCUCA GRQUP I
GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAAAAC INTRON,
AAUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCURACGUCARGACGA | Anabaena sp.
GGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGARUGARAAUC YRSO1
CGUUGA

2 | GAGCAGCGGACUCAUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCG GROUP I
GCGAAACCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGLCCUGCGCCGAUGA INTRON,
AGGUGUAGAGACUAGACGGCACCCACCUAAGGCARACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGSG | Azoarcus
CGAAAGUCACACAAACCGGAAUCCGUUGGUGCUG olearius

BH72

3 | ACUACUGAAAGCAUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGG GROUP I
GAACACCUAARACAAACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGURAAUAAGAGAAAGUGCAA INTRON,
CGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUA Staphvlococe
UAGUCUGAACRUAUAUGGRAARCAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGAR | us phage
CUUUUAGUUAU Twort

4 | AACAGGUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGE GROUP I
UAGUCGAUCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGG INTRON,
GGGCCURAGGAUGCGGCRAAGACGACCCGGUUCGGGGARCGCCAGCGUGCGCUGGCCGAUCCCGAGGCG Seytalidium
AGGUGCCGUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGEUCGGUCCCCCCUCCCACGGCGGAGGG dimidiatum
GAGGCUUAAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGARAAGCCCUGGUACGGCGAAGE
CUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGEGCGGGCCACGGAGCCLCCCGGCEUCGAUUGLCUGUU
A

5| GGGCUCAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGARA GROUP I
CUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGCUCCAGA INTRON,
AAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUARAGGGACAGUC Scytonema-
CAGACCACAAACUGGUUAAUCCAGGCAGUGAARAACUGUAGAUGGUAAGCAUAACCC hofmani tRNA

fMet

6 | CAGGAUUCCUAAGGUARAUUGGGGGUUGCGCCCGGARACGACGCAAUCGAUCUGCUCARAAGUCGGGG GROUP I
AAAGCUUCGCUGGUCUUCCAGUAUGCCAAUCCCGAGCCAAGCUCCGGAGAARAUCCGGUGAAGGUGUA INTRON,
GAGACUGGAUGGGCAGCACCUARAGGCCGCAAGGUCCACGGUGARGGGACAGUCCAGACCACGAACG | Agrobacteriu
CCCUUAUCCGAUUGAGAUGGGCGGCGGCGARAGCCGAAGCGGUAUGRAUCCUGGGEG m—

tumefaciens

7 | AACAAUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARACGUCAAGA 3" self-
CGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCARAUAGGCAGUAGCGARAGCUGCAAGAGAAUG splicing

intron
fragment
derived from
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Anabaena
pre-tRNA-Leu
gene GROUP I
INTRON

8 | AAAUAAUUGAGCCUUARAGAAGAAAUUCUUUAAGUGGAUGCUCUCARACUCAGGGAAACCUARAUCU 5' self-
AGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAA splicing
intron
fragment
derived from
Anabaena
pre-tRNA-Leu
gene GROUP I
INTRON

9 | AACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGCCCGCCCGGGCCUAUGGCAACGLCCG 3' self-
AGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCARACGE splicing
UAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-2

1 | AUUUCGAUGUGCCUUGCGCCGGGA 5' self-

0 splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-2

=

ACGCCGAGCCAAGCUUCGGCGCLUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCURAGGL 3' self-
AAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-
4-5

=

=

AUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAAGCGL 5" self-
CCGCCCGEGGCGUAUGGCA splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-
4-5

N

sy

CCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAGACGG 3' self-

3 | CACCCACCURAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-5

1 | AUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGC 5' self-

4| CCGC splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-5
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"

UGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGU 3' self-

5| CCAGGGAGUGGCGAAAGUCACACAAACCGG splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-6

1 | AUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAAGCGC 5' self-

6 | CCGCCCGGGCGUAUGGCARCGCCGAGCCAAGCUUCGGCGCT splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-6

1 | ACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG 3' gelf-

7 splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-8

1 | AUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAAGCGC 5' self-

8 | CCGCCCGEGGCGUAUGGCARCGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAG splicing
ACGGCACCCACCUAAGGCAA intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-8

1| AAACCGG 3' self-

9 splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-9

2 | AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGC 5' self-

0 | CCGCCCGGGCGUAUGGCARCGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAG splicing
ACGGCACCCACCUARGGCAAACGCURUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACALC intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-9

2 | AAUGUAUAUCGAAAAAUCCUCUARAUUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAG 3" self-

1| CURAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGA splicing
AAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGG intron
AGUAACGAACCUAUUCGUAACAUAAUUG fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-2

2 | AARUAAUUGUGCCUUUAUARCAGU 5' self-

2 splicing
intron
fragment
derived from
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Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-2

AUCCUGAGCUAAGCUCUUAGUAAUAAGAGARAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAG
UGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAARACAUAUAGA
AGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-4-5

AARAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCA

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-4-5

AAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-5

AARUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAARUCCUCUARUUCAGGGAACACCUARACAR
ACU

5' self-
splicing
intron
fragment
derived from
Staphylococe
us phage
Twort GROUP
I INTRON-
PIE-5

AAUAAGAGARAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAARAUGGGGAUUACC
CUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUA
UUCGUAACAURAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-6

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUARUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGU

5' self-
splicing
intron
fragment
derived from
Staphvlococc
us phage
Twort GROUP
I INTRON-
PIE-6

o N

UAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAU
AUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron

fragment
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derived from
Staphvylococc
us phage
Twort GROUP
I INTRON-
PIE-7

O W

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGRAACACCUARACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGA

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-7

= W

CUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUC
GUAACAUAARUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-8

w

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUU

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-8

AACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUARACAR
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAARGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAU
AUGGA

5" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9

UAACGAACCUAUUCGUAACAUARUUG

3" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1
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o W

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAU
AUGGAAACAUAUAGAAGGAUAGGAG

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1

GCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCARGACGALCCCGG
UUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCGGGCACCCGUCGURAC
GCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCUUAAGGUACGUGCUARACCCCCA
GCGAUGGGGCCUGUAGGARAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGA
UGCCGGCGGGCCACGGAGCCLCCLGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-2

w

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAA

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-2

GCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGU
CCCCCCUCCCACGGCGGAGGGGAGGCUUAAGGUACGUGCUARACCCLCCAGCGAUGGGGCCUGUAGGA
AAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAG
CCCCCGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-5

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAALCGCCAGCGU

S' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-5

GCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCUURAG
GUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGARAAGCCCUGGUACGGCGARGCCUACGGGGAL
CGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCLCCGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6

S

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCC
GUA

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6

GGCGGAGGGGAGGCUURAAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGRAAAGCCCUGGUA
CGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCCCCGEGLGUCE
AUUG

3' self-
splicing
intron
fragment
derived from
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Scytalidium
dimidiatum
GROUP I
INTRON-PIE-8

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGLCCGAUCCCGAGGCGAGRUGCL
GUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCAC

5" self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-8

GGAGCCCCCGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-9

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCLCGGUUCGGGGAACGCCAGCGUGLCGCUGGLCGAUCCCGEAGGCGAGRUGLL
GUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCUU
AAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGG
GACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCAL

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-9

AAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUAARAGGGALAGUC
CAGACCACAAACUGGUUARUCCAGGCAGUGAARACUGUAGAUGGUARG

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-6

G >

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAACUUAC
GUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGCUCCAGA

S5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-6

AACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCARUAGCGCGGUAAUCCCGAACCAAGCUCCA
GARAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUARAGCUGAGGGUAAAGGGACAG
UCCAGACCACAAACUGGUUAAUCCAGGCAGUGAARAACUGUAGAUGGUAAG

3' self-
splicing
intron
fragment
derived from
Scytonema-—
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-2

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUARAGA

5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
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GROUP I
INTRON-PIE-2

= o

AUCCCGAACCAAGCUCCAGAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUARAG
CUGAGGGUAAAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGAAAACUGUAGAUGGUAA
G

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-
4-5

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUARAGAAACUUAC
GUAUGUUUACCUGUCAARACUCGGGGAAGCCAAUAGCGCGGUA

5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRCON-PIE-
4-5

(&)

AAUCCAGGCAGUGARAACUGUAGAUGGUAAG

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-9

LS|

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAACUUAC
GUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGCUCCAGARAUGG
AGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUAAAGGGACAGUCCAGAC
CACARACUGGUU

5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-9

AAUCCGGUGAAGGUGUAGAGACUGGAUGGGCAGCACCUAAAGGCCGCAAGGUCCACGGUGAAGGGAC
AGUCCAGACCACGAACGCCCUUAUCCGAUUGAGAUGGGCGGCGGCGAARGCCGARGCGGUAUG

3' self-
splicing
intron
fragment
derived from
Agrobacteriu
m-
tumefaciens
GROUP I
INTRON-PIE-6

oy U1

AAGGUAARAUUGGGGGUUGCGCCCGGAAACGACGCAAUCGAUCUGCUCARAGUCGGGGAAAGCUUCGL
UGGUCUUCCAGUAUGCCAAUCCCGAGCCAAGCUCCGGAGA

5" self-
splicing
intron
fragment
derived from
Agrobacteriu
m—-
tumefaciens
GROUP I
INTRON-PIE-6

wu

AAAAUCCGUUGA

3' exon of
GROUP I
INTRON from
Anabaena
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pre—-tRNA-Leu
gene

5| AGACGCUACGGACUU

5" exon of
GROUP I
INTRON from
Anabaena
pre-tRNA-Leu
gene

5| AAAACCCCCCCA

3' exon of
GROUP I
INTRON from
Anabaena
pre-tRNA-Leu
gene

6 | AGACGGGGGGGGCUU

5' exon of
GROUP I
INTRON from
Anabaena
pre-tRNA-Leu
gene

6 | AAUCCGUUGGUGCUG

3' exon of
GRQOUP I
INTRON from
Azoarcus
olearius
BH72

6 | GAGCAGCGGACUCAU

5" exon of
GRQUP I
INTRON from
Azoarcus
olearius
BH72

[ea}

AACUUUUAGUUAU

3' exon of
GROUP I
INTRON from
Staphvlococc
us phage
Twort

6 | ACUACUGARAGCAU

5' exon of
GROUP I
INTRON from
Staphvlococc
us phage
Twort

6| CUGUUA

3' exon of
GROUP I
INTRON from
Scytalidium
dimidiatum

6 | UARCAGGU

5' exon of
GROUP I
INTRON from
Scytalidium
dimidiatum

6 | CAUAACCC

3" exon of
GROUP I
INTRON from
Scytonema-
hofmani tRNA
fMet gene

6| GGGCU

5" exon of
GROUP I
INTRON from
Scytonema-
hofmani tRNA
fMet gene

6 | AAUCCUGGGG

3' exon of
GROUP I
INTRON from
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Agrobacteriu
-
tumefaciens
7| CAGGAUUCCU 5' exon of
0 GROUP I
INTRON from
Agrobacteriu
m—
tumefaciens
7 | CCGUCGAUUGUCCACUGGUC 5' homology
1 arm-original
(20)
7| GACCAGUGGACAAUCGACGG 3' homology
2 arm-original
(20)
7 | CCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUC 5' homology
3 arm—
2xoriginal
(40)
7 | GACCAGUGGACAAUCGACGGGACCAGUGGACAAUCGACGG 3' homology
4 arm-—
2xoriginal
(40)
7 | GGACACCCCCUGACCCGGUCUCAGARAGCCUGAAAGCAGAAUUAGUCAUUAGAAGGGUGGUUGGCUU 5' homology
5| GGUCGGCAUAGACUUUGAGCAGAAAGAGGUUGAAAAUGUUGAGCCUGAUUUCUCUUAGGCCCLUCUG arm-HAL
CAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCUUUUUUUGGUCUCAUUCAAGGUGAGCA (300)
AAUCCCCUUCAUGUUUCUCACCAGACAAUGCAGCUGAUGAGGUUCCAGCUUUGCAAARUGUAGUCAUC
CAUGAGGACUGUCUUCCUGAGAUUUCAUCAGG
7 | CCUGAUGARAUCUCAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCARAGCUGGAACCUCAUCAGC 3' homology
6 | UGCAUUGUCUGGUGAGAARCAUGAAGGGGAUUUGCUCACCUUGAAUGAGACCAARARAAGCGGARGC arm-HAL
AGUUACGUAUCUGGCCUCCACARCAGACACUGCAGAGGGGCCUAAGAGAAARUCAGGCUCAACAUUUU (300)
CAACCUCUUUCUGCUCAAAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUU
CAGGCUUUCUGAGACCGGGUCAGGGGGUGULC
7| GGACACCCCCUGACCCGGUCUCAGAAAGCCUGAAAGCAGAAUUAGUCAUUAGAAGGGUGGUUGGCUU 5" homology
7 | GGUCGGCAUAGACUUUGAGCAGRAAGAGGUUGA arm-HA2
(100)
7 | UCAACCUCUUUCUGCUCARAGUCUAUGCCGACCARGCCAACCACCCUUCURAUGACUAARUUCUGCUU 3' homology
8 | UCAGGCUUUCUGAGACCGGGUCAGGGGGUGUCC arm-HA2
(100)
7 | AAAGAAGACAGUCUCGCUCUAUCGCCCAGGCUGGAGUGUAGAAUGCAGUGCUGUGAUCUUGGCUCAC 5' homology
9 | UGCAACCUCUACCUCCCAGGCUCAAGCGAUUCUUCUGCCUCAGCCUCCCGAGUAGCUAGGAUUACAG arm-HA3
GCGCGCGCCACCACACCUAGCUUAUUUUUGUAUUUUCAGUAGAGAUGGGGUUUCACCAUGUUGACCA (285)
GGCUGGUCUCAAACUCCUGAGCUUARGUGACGUGCCCGCCUCAGCCUCCCAARGUGCUUGGAUUAUA
GGUGUGAGCCACUGCAC
8 | CAUCUCUACUGAAARAUACAAARAAUUAGCCGGGCGUAGUGGCAUGAGCCUGUAGUCCCAGCUACUU 3' homology
0 | GGGAGGCUGAGGCAGGAGARAUGGCGUGAACUCGGGAGGCAGAGCUUGCAGUGAGCCGAGAUCACACC arm-HA3
ACUGCACUCCAGCCUGGGCGACAGAGCGAGACUCCGUCUC (174)
8 | AGAGAGUCUCGCUCUUCGCCCAGGCUGGAGUGAGUGGUGUGAUCUGGCUCACUGCAACUCUCCUCCC 5' homology
1 | GUCAGCAUUCUCUGCCUCAGCCUCCCAGUAGCUGGAUACAGGCCGCCACACCCGCUAUUUUUGUAUU arm-HA4
UUCAGUAGAGAUG (147)
8 | CAUCUCUACUGAAAARUACARAAARUAGCGGGUGUGGCGGCCUGUAUCCAGCUACUGGGAGGCUGAGGL 3' homology
2 | AGAGAAUGCUGACGGGAGGAGAGUUGCAGUGAGCCAGAUCACACCACUCACUCCAGCCUGGGCGAAG arm-HA4
AGCGAGACUCUCU (147)
8 | GGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUARACUGCUULCCGC 5" homology
3 arm-HAS5 (50)
8 | GCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCC 3' homology
4 arm-HAS5 (50)
8 | UAGACUUUGAGCAGAAAGAGGUUGAARAUGUUGAGCCUGAUUUCUCUUAG 5" homology
5 arm-HA6 (50)
8 | CURAAGAGAARUCAGGCUCRACAUUUUCAACCUCUUUCUGCUCAAAGUCUA 3" homology
6 arm-HAG6 (50)
8 | AUGAGGUUCCAGCUUUGCAAAUGUAGUCAUCCAUGAGGACUGUCUUCCUG 5' homology
7 arm-HA7 (50)
8 | CAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCAAAGCUGGAACCUCAU 3' homology
8 arm-HA7 (50)
8 | GGACACCCCCUGACCCGGUCUCAGA S5' homology
9 arm-HA8 (25)
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UCUGAGACCGGGUCAGGGGGUGUCC 3' homology
arm-HA8 (25)

GARAGCAGAAUUAGUCAUUAGAAGG 5' homology
arm—-HA9 (25)

CCUUCUAAUGACUAAUUCUGCUUUC 3' homology
arm-HAY9 (25)

CGGCAUAGACUUUGAGCAGAAAGAG 5' homology
arm-HA1Q
(25)

w Wi vk wYlo w

jtel

CUCUUUCUGCUCAAAGUCUAUGCCG 3' homology
4 arm-HA10
(25)

e

CuUu Nuclecotide

5 motif of
ribozyme
recognition
site I of
Aaz.b.trnl,
Asp-
2.b.trnkL,
Cpa.y.trnkL-
1,
Dai.c.trnL-
1,
Dai.c.trnL-
2!
Dai.c.trnL-
3!
Ddu.c.trnL-
1,
Ddu.c.trnL-
2,
Dla.c.trnL,
Dto.c.trnL-
ll
Dto.c.trnL-
2,Dto.c.trnlL
_3’
Fan.c.trnl,
Yma.c.trnl,
Vfa.c.trnl,
Sel.b.trnL-
2!
Sbi.
Pth.
Osa.
Omi.
Nta.
Mpo.
Mae.
2/
Dto.c.trnkL-
4,

.trnkL,
.trnL,
.trnkL,
.trnL,
.trnkL,
.trnL,
.trnL-

coaQanaaaaQa

9| Cccu Nucleotide
3 motif of
ribozyme
recognition
site I of
Aha.b.trnR,
Atu.b.trnR,

9| CAU Nucleotide

7 motif of
ribozyme
recognition
site I of
Asp.b.trnl,
Twort.v.ORF1
12,2
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9| UU Nucleotide

8 motif of
ribozyme
recognition
site I of
Athu.c.trnL-
1

9| cCUu Nuclecotide
9 motif of
ribozyme
recognition
site I of
Dsp.b.trnM,
Sho.b.trnM

1| GGCU Nucleotide
motif of

0 ribozyme
recognition
site I of
Gvi.b.trnM,
Ssp.b.trnM

o

1| GCU Nucleotide
motif of

1 ribozyme
recognition
site I of
Pan.m.COX1,1
6

o

1| CGUCAU Nucleotide
0 motif of

2 ribozyme
recognition
site I of
Ppo.L1949-
1.pdf

1| CGUCAU Nucleotide
0 motif of

3 ribozyme
recognition
site I of
Ppo.L1949-
2. pdf

1| GGGAU Nucleotide
motif of

4 ribozyme
recognition
site I of
Ppo.L2449-
1.pdf,
Ppo.L2449-
2.pdf

(e}

sy

GGAU Nucleotide
0 motif of

5 ribozyme
recognition
site I of
Ban.b.nrdE

J

GGARAAU Nuclectide
motif of

6 ribozyme
recognition
site I of
Ban.b.recA

O

[

UUGGAGCC Nucleotide
motif of

7 ribozyme
recognition
site I of

(e}
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Beta—
22.v.td,1

1| UGGAGGU Nucleotide

o] motif of

8 ribozyme
recognition
site I of
Ceu.c.psbC,1

1 | AAGGU Nucleotide

0 motif of

9 ribozvme
recognition
site I of
Ceu.mL1931.p
df

1| GGAGGU Nucleotide

1 motif of

0 ribozyme
recognition
site T of
Cre.c.psbA,3

1| AGUGUGGUU Nucleotide

1 motif of

1 ribozyme
recognition
site I of
LL-
H.v.terLl,1

1| GCCu Nucleotide

1 motif of

2 ribozyme
recognition
site I of
Phi-
E.v.DP, 1,
SP82.v.DP, 1,
SPO1.v.DP, 1

1| GCGU Nucleotide

1 motif of

3 ribozyme
recognition
site I of
RB3.v.nrdB, 1
,
T4.v.nrdB, 1

1 | UAUGAGU Nucleotide

1 motif of

4 ribozyme
recognition
site I of
T4.v.nrdD, 1

1| GGGGU Nucleotide

1 motif of

5 ribozyme
recognition
site I of
T4.v.td,1

1| GGU Nucleotide

1 motif of

6 ribozyme
recognition
site I of
Sdi.s51199-1

1 | AUGUAUAGARAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUA IL2-N88D

1| CAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCU

7 | GRACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCU

AAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGL
UUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAU
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CGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUC
GUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACC

1 | AUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCC AQP1
UCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGARCAACCAGACGGL
8 | GGUCCAGGACAACGUGRAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUG
GGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCA
GCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCU
CUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAAC
UCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUA
CCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCLCUUGG
ACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGLGGUG
AUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGLCUG
UACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGAC
CAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCC
AAA

=

1 | GGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAACCGGCAGCCAACUCUGCACARARUG POLR2A
UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAA
9 | CUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG
AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAULCGGCCUGUL
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGC
GG

=

[y

GUAUAAGAGACAGGUGUUUGCCUUGUCUUCGGACUGGCAUCUUGGGACCAACCCCCCUUUUCCCCAG CrohivirusB
CCAUGGGUUAAAUGGCAAUAAAGGACGUAACAACUUUGUAACCAUURAGCUUUGUARUUUUGUAACC
0 | ACUAAGCUUUGUGCACAUAAUGUAACCAUCAAGCUUGUUAGUCCCAGCAGGAGGUUUGCAUGCUUGU
AGCCGARAUGGGGCUCGACCCCCCAUAGUAGGAUACUUGAUUUUGCAUUCCAUUGUGGACCUGCAAAR
CUCUACACAUAGAGGCUUUGUCUUGCAUCUAAACACCUGAGUACAGUGUGUACCUAGACCCUAUAGU
ACGGGAGGACCGUUUGUUUCCUCAAUAACCCUACAUAAUAGGCUAGGUGGGCAUGCCCARAUUUGCAA
GAUCCCAGACUGGGGGUCGGUCUGGGCAGGGUUAGAUCCCUGUUAGCUACUGCCUGAUAGGGUGGUG
CUCAACCAUGUGUAGUUUAAAUUGAGCUGUUCAUAUACC

N

[y

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA CVB3
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGARGUAACACACACCGAUCAACA
1| GUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAARACCUAGUAACAL
CGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUC
UARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUURUUCCUAUACUGGCUGCUUAUGGUGACARUUGA
GAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUU
GUUGGGUUUAUACCACUUAGCUUGARAGAGGUUARAACAUUACAAUUCAUUGUURAAGUUGAAUACAG
CARA

N>

=

ACAUGGGGGGUCUGLCGGACGGCUUCGGCCCACCCGCGACAAGAAUGCCGUCAUCUGUCCUCAUUACC SalivirusFHB
CGUAUUCCUUCCCUUCCCCCGCAACCACCACGCUUACUCGCGCACGUGUUGAGUGGCACGUGCGUUG
2 | UCCAAACAGCUACACCCACACCLUUCGGGGCGGGUUUGUCCCGCCCUCGGGUUCCUCGCGGARACCCC
CCCCUCCCUCUCUCUCUUUCUAUCCGCCCUCACUUCCCAUAACUACAGUGCUUUGGUAGGUGAGCAC
CCUGACCCCCCGCGGAAGCUGCUARCGUGGCARCUGUGGGGAUCCAGGCAGGUUAUCARAGGCACCC
GGUCUUUCCGCCUUCAGGAGUAUCUCUGCCGGUGAAUUCCGGUAGGGCUCUGCUUGGUGCCAACCUC
CCCCAARUGCGCGCUGCGGGAGUGCUCUUCCCCAARCUCAUCUUAGURAACCUCUCAUGUGUGUGCUUG
GUCAGCAUAUCUGAGGCGACGUUCCGCUGUCCCAGACCAGUCCAGCAAUGGACGGGCCAGUGUGCGU
AGUCGCUUUCCGGUUUUCCGGCGCAUGUUUGGCGAAACGCUGAGGUAAGGUUGGUGUGCCCAACGCC
CGUAAUUUGGUGAUACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACUUCGGUGGGAUCUG
ACCCUGGGCUARAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUCUUUUUUCUGGCAUG

N

iy

CCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUA 18-675
CGCUUACUCGCAUGUGCAUUGAGUGCGUGCAUGUGUUGAACARAACAGCUACACUCACAUGGGGGCGEG
3 | UUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGU
AGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUC
AAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGG
UGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUG
UGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGC
CAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGARCCGGUGGGGUAAGGUUGGUG
UGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACLCUL
ACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGU
UCACG

[\

1 | UUUGAARAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGUCCCGGACCAC Aichivirus
CGUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCAUACUCCCCCCAC
4 | CCCCCUUUUGUAACUAAGUAUGUGUGCUCGUGAUCUUGACUCCCACGGAACGGACCGAUCCGUUGGU
GAACAAACAGCUAGGUCCACAUCCUCCCUUCCCCUGGGAGGGCCCCLCGCCCUCCCACAUCCULCCCCC
CAGCCUGACGUAUCACAGGCUGUGUGAAGCCCCCGCGARAGCUGCUCACGUGGCAALUGUGGGUCCC
CCCUUCAUCAAGACACCAGGUCUUUCCUCCUURAGGCUAGCCCCGGCGUGUGAAUUCACGUUGGGCA

N
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ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCLCUGG
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGAAGGUGUUCCGCUGUGGCUGCCAACCUGGUGACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUARAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGARAUGCCAGGCAGGUACCCC
ACCUCCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCAAUCCUUUUAUGU
CGGAGUC

=

UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGAU CAV2
ACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGAAGUUACGCAACCCCGAUCAAU
5| AGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCARAUAG
ACUGCUAACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUAGUG
CCGUGARAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGCG
AUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCU
CUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCACAUGCCCUCAAACCAGGGGGUGGUGUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAAUGGCUGCUUAUGGUGACAAUUA
AAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAAAUCGCUCAUAUACCAGUY
UGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUUAUAUUUACUACAAUUGAAUAGC
AAGAA

N

=

UAUGGCAGGCGGGCUUGUGGACGGCUUCGGLCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACC SalivirusNG-
CCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGU J1

6 | GUUGAACAAACAGCUACACUCACAUGGGGGLGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGLCCCAL
CCCUUCCCUCCCCUVUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCLCGCGGAAGCUGCU
CACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAY
CCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCLCAAAUGCGCGCUGCGGGAGU
GCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUU
CCGCUGUCCCAGACCAGUCCAGUARUGGACGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGULCGGG
GCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCRAAG
ACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUAL
GGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACG

N

1 | CUUCCUUUUAAUUCGUAACUGAUAAGUGAUAGUCCUUGGAAGCUAGGUAUUUGUUACGCUAGUUUUG PTVB
GAUUAUCUUGUGCCCAACAUUUGUUUUCGAACAUAUGUUGUGUUUARACACAGARAUCUAGUUUCUU
7 | UGGUUAUGAGUUUAAUGGARAUAUCCUUUUGAAAGACUUGCCUUGGCGCGGGCUAGAGCGCAAUUGUC
ACCAGGUAUUGCACCAAUGGUGGCGACAGGGUACAGAAGAGCAAGUACUCCUGACUGGGUAAUGGGA
CUGCAUUGCAUAUCCCUAGGCAUCUAUUGAGAUUUCUCUGGAGCCCACCAGCAUGGAGUUCCUGUAU
GGGAAUGCAGGACUGGACUUGUGCUGCCUGACAGGGUCGCGGCUGGCCGUCUGUACUUUGUAUAGUC
AGUUGARACUCAUU

N

1 | UUUUGCGGCUCUGCCGCCGUUCGGGUUUUACCUGUUUUCACAGAGCAARACAGGACCUCUAGUUUCG BRAV-1
UGCUUARACGAGAUCAUGCUCGAACUAGAACUAURACGCUGGUCACUGGACCCGUGCCGCGCLCUUGE
8 | GGAUCUUUGCGGGAAUGGUGGCUAGUGGGCUGUGGAAGUGACUCUAACCACACGCCCCUCAAGUGUG
GGAARACACGAACUGGUGUAGCGACGACGAUAGGCCUUGGGACACCLCUCUCCAGUGAUGGAGACCCA
AGGGGCCAAAAGCCACGCCUUGUGCCCUGUCGUUCACAACCCCAGUGCAGUUCGUGCCAGUACCUGC
UUUUGGGARGUGUGCUUUGGACAGCUGAAAARCAGUCCUAGUGGGAGACUAAGGAUGCCCAGGAGGUA
CCCGGAGGUAACAAGUGACACUCUGGAUCUGACUUGGGGAGAGCGGGUCUGCUUUACAGACGCCACU
CUUUAARAAACUUCUAUGUCUCGUCAGGCACCGGAGGCCGGGCCUUUUCCUUUAAAACAAUACACUU
U

o

1 | UURARACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG PV1
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCGUAACUUAGACGCACAARACCAAGUUCAAUAGAR
9 | GGGGGUACAARACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAGACUGCU
UGCGUGGUUGAAAGCGACGGAUCCGUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGA
AUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGU
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGRAUCCUCCGGCCCCUGAAUGCGGCUAAUC
CCAACCUCGGAGCAGGUGGUCACAAACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAAUCACAGAU
UGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGACUCAUUAUCUAUCUGUUUGCUG
GAUCCGCUCCAUUGAGUGUGUUUACUCUAAGUACARAUUUCAACAGUUAUUUCAAUCAGACAAUUGUA
UCAUA

N

sy

UURAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACAGGGUGUAGUGCUCUGGUAUUUUGUACCUU HRVB27
UGCACGCCUGUUUCCCCAUUGUACCCCUCCUUAAAUUUCCUCCCCAAGUAACGUUAGAAGUUUAAGG
0 | AAACAARUGUACAAUAGGARAGCAUCACAUCCAGUGGUGUUAUGUACRAGCACUUCUGUUUCCCCGGA
GCGAGGUAURAGUGGUACCCACCGCCGAAAGCCUUUAACCGUUAUCCGCCAAUCARACUACGUAAUGG
CUAGUAUUACCAUGUUUGUGACUUGGUGUUCGAUCAGGUGGUUCCCCCCACUAGUUUGGUCGAUGAG
GCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUUUGCUGGGAL
GCCUUUUUACAGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGC
GGCUAACCUUAACCCCGGAGCCUUGCAACAUAAUCCAAUGUUGUUGAGGUCGUAAUGAGUAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUUAUAUUGUCUUAUGGUCACAGC
AUAUAUAGCAUAUAUACUGUGAUC

w

160



WO 2024/193634 PCT/CN2024/082941

1 | UUAAAACAGCGGAUGGGUAUCCCACCAUCCGGCCCACUGGGUGUAGUACUCUGGUACAUUGUACCUU HRVBS92
UGUACGCCUGUUUUCCCCCUCUUGUACCCGCCCUUCAAGCUCCUUGCCCAAGUARCGUUAGAAGUUU
1| GAACAUUGGUACAAUAGGAAGCAUCACAUCCAGUGGUGUACUGUACAAACACUUCUGUUGCCCCGGA
GCGAGGUAUAGAUGGUCCCCACCGUCARAAAGCCUUUAACCGUUAUCCGCCAAUCARACUACGUAAUGG
CUAGUAGCACCUUGGAUUUAAGUUGGCGUUCGAUCAGGUGGUAACCCCCACUAGUUUGGUCGAUGAG
GCUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUCCGCUGGGAL
GCCAAUUUAAUGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGL
GGCUAACCCUAACCCCGGAGCCUUGCAGCACAAUCCAGUGUUGUUARAGGUCGUARUGAGCAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUGAAUUUUUCUUAUGGUCACAGC
AUAUAUACAUUAUAUACUGUGAUC

w

1 | UURAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU EVB107
3 | ACCCUUGUGCGCCUGUUUUAUAUACCCUCCCCCUUAUGUAACUUAGAAGUAUGAUUCARACGGUCGA
2 | CAGGCGGCUCAGUGCACCAACUGAGUCAUGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUA
AGCUGUUCACACGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAACCUAGUACC
ACCAUGAAGGUUGCGCAGUGUUUCGCUCCACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGE
UUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCCAACUGUGGAGCAGAUACUCACAAACCAGUGAGCGGUCUGUCGUAACGGGCAACUCCGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUU
GACARAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCUAUUGUUUACUUGU
UUGUUGGUUUCAUACCAUUAAAUUACAAGGUCUUAGAAACUCUCAACUUUAUUUUGACACUCAAUAC
AGCAAA

[

UUGAAAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA EMCV-A
CCCACUCCCCCUUUCAACGUGAAGGCUACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCC
3 | AAAACAARCAACAACCCCCCCUCUCCCUCCCCCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGAAUA
AGGCCGGUGUGCGUUUGUCUAUARUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCARUGUGAGGGCC
CGGAAACCUGGCCCUGUCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCARAAGGAAUGC
AAGGUCUGUUGAAUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGU
AGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGCGACAGGUGCLCUCUGCGGCCARAAGCCACGU
GUAUAAGAUACACCUGCAAAGGCGGCACAALCCCCAGUGLCCACGUUGUGAGUUGGAUAGUUGUGGAAA
GAGUCAAAUGGCUCUCCUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUG
UAUGGGAUCUGAUCUGGGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUAARAARACGUC
UAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGARAAACACGAUGAUAAT

w

1 | UUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUACCCACUCCCCCUUUCAACGUGARGGCU EMCV-B
ACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCCAAACAACAACAACAAAACAAACUCCCC
4| CUCCCCCCCCUUACUAUACUGGCCGAAGCCACUUGGAAUAAGGCCGGUGUGCGUUUGUCUACAUGCU
AUUUUCUACCGCAUUACCGUCUUAUGGUAAUGUGAGGGUCCAGAACCUGACCCUGUCUUCUUGACGA
ACACUCCUAGGGGUCUUUCCCCUCUCGACARAGGAGUGUAAGGUCUGUUGAAUGUCGUGAAGGAAGC
AGUUCCUCUGGAAGCUUCUUAAAGACAAACAACGUCUGUAGCGACCCUUUGCAGGCAGCGGAACCCC
CCACCUGGUGACAGGUGCCUCUGCGGCCARRAGCCACGUGUAUAAGRUACACCUGCARAGGCGGCAC
AACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUCUCCUCAAGCGUAUU
CARCAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUGGGGCCUCGGUGT
ACGUGCUUUACACGUGUUGAGUCGAGGUGARAAAACGUCUAGGCCCLCCCGAACCACGGGGACGUGGU
UUUCCUUUGAAAACCACGAUUACAAU

w

=

UUGAAAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA EMCV-pECY
CCCACUCCCCCUUUCARCGUGAAGGCUACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCC
5| AAAAUARCAACAGACCCCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGARUAAGGCCGGUGUGCGU
UUGUCUARUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCCCGGARACLCUGGLCC
UGUCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCAAAGGAAUGCAAGGUCUGUUGAAU
GUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGACCCUUUGCA
GGCAGCGGAACCCCCCACCUGGCGACAGGUGCCUCUGCGEGCCAAAAGCCACGUGUAUAAGAUACACC
UGCAAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUC
UCCUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUC
UGGGGCCUCGGUGCACAUGCUUUACRUGUGUUUAGUCGAGGUUARARAACGUCUAGGCCCCCCGRAC
CACGGGGACGUGGUUUUCCUUUGAARAAACACGAUGAUARU

w

1 | UUAAAACUGGGUACAGGUUGUUCCCACCUGUAUCACCCACGUGGUGUGGUGCUCUUGUAUUCCGGUA HRVC-02
CACUUGCACGCCAGUUUGCCACCCCUCACCCGUCGUAACUUAGAAGCUAACAACUCGACCAACAGGC
6 | GGUGGUAAACCAUACCACUUACGGUCAAGCACUCCUGUUUCCCCGGUAUGCGAGGAARUAGACUCCUA
CAGGGUUGAAGCCUCAAGUAUCGUUAUCCGCAUUGGUACUACGCAAAGCUUAGUAGUGCCUUGARAG
UCCCUUGGUUGGUCGCUCCGCUAGUUUCCCCUAGUAGACCUGGCAGAUGAGGCAGGACACUCCCCAC
UGGCGACAGUGGUCLCUGCCUGCGUGGCUGCCUGCGCACCCUUAGGGGUGCGARGCCAAGUGACAGAC
AAGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCAACCCC
ACAGCURUUGCACACAAGCCAGUGUGUAUGUAGUCGUARUGAGCAAUUGUGGGACGGAACCGACUAC
UUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUCAUUCUGCUUAUGGUGACAARUACUGUGAAAUAGUGU
UGUUACC

w

1| UAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUAUUGGGAGUUGUACUCUAUUAUUCCGGUAA HRV-AZ21
UUUUGUACGCCAGUUUUAUCUUCCCCCUCCCCAAUUGUAACUUAGAAGGUUAUCAAUACGACCAAUA
7 | GGUGGUAGUUAGCCAAACUACCAAAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCC
AACAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACACCUUUGA

w
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AGAUUUAUGGUUGGUCGUUCCGCUAUUUCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUCCCCCA
CUGGCGACAGUGCUCUAGCCUGCGUGGCUGCCUGCGCACCCCUUGGGUGCGAAGCCAUACAUUGGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUARACCC
UGCAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGUAAUUGCGGGACGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUAUUGCUUAUGGUGACAAUAUAUAUAGCUAUAU
AUARUUGACACC

=

UUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUAC Salivirus-A-
ACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCUUCUCGCGAGGCCCACCCCUCCCCUUUCUCCCA SH1

8 | UAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGG
GGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUGCUAGCGAAUUC
UAGUAGGGCUCUGCUUGGUGCCARACCUCCCCCAARUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCA
CCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCA
GUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUGUCCGGCGCAUGUUUGGUGAACC
GGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUCAGGGGAUACCUCAAGGCACCCAGGAAUGCCA
GGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGGUARAUGUCUGCGGGGGEGUCUUCUUGGCL
CACUUCUCAGUACUUUUCAGG

w

1 | UUAAAACAGCCUGUGGGUUGUUCCCAUCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUGCGGU Echovirus-
ACCUUAGUGCGCCUGUUUUAUAUACCCGUCCCCCAAACGUAACUUAGACGCAUGUCAACGAAGACCA E14

9 | AUAGUAAGCGCAGCACACCAGCUGUGUUCCGGUCAAGCACUUCUGUUACCCCGGACCGAGUAUCARU
AAGCUACUCACGUGGCUGAAGGAGAAAACGUUCGUUACCCGACCAAUUACUUCAAGARACCUAGUAA
CACCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CAUUCCCCACGGGUGACCGUGGCGGUGGCUGCGCUGGCGEGCCUGCCCAUGGGGARACCCAUGGGACG
CUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUAACUGCGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCUCUUUAUCCUUAUACUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACARAUAGAGCAAUUGUGUAUUUG
UUUGUUGGUUUCGUGCCAUUAAAUUACAAGGUUCUAAACACCCUUAAUCUUAUUAUAGCAUUCAACA
CAACAAA

w

1| GCUCUUCCGAUCUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGAUUCCACGGAR CVAlQ
UCUUUGUGCGCCUGUUUUACAACCCUUCCCARAUUUGUAACGUAGAAGCAAUACACACUACUGAUCAA
0 | UAGUAGGCAUGGCGCGCCAGUCAUGUCAUGAUCAAGCACUUCUGUUCCCCCGGACUGAGUAUCARAUA
GACUGCUCACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCUAACUACUUCGAGAAACCUAGUAGC
ACCAUGGAAGCUGCGGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGGUCGAUGAGUCACUGC
AAUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCURAUGGGGCARCCCAUAGGACGL
UCUAAUGUGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGC
UARUCCUAACUGCGGAGCACAUGCCUUCAACCCAGGAGGUGGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCCUUAUAUUGGCUGCUUAUGGUGACAAUC
ACGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARCAGAGCUAUUGUAUACCUAU
UUGUUGGAUUUACUCCCCUAUCAUACAAAUCUCUGAACACUUUGUGCUUUAUACUGAACUUAAACAC
ACGARA

s

1 | UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGECCAGUACACCGGUACCACGG Enterovirus-
UACCCUUGUACGCCUGUUUUAUACUCCCCUCCCCGUAARCUAGAAGCACGAAACACAAGUUCRAUAG C

1 | AAGGGGGUACAGACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGUCACAUAGACUG
UCCCCACGGUCAAAAGUGACUGAUCCGUUAUCCGCUCACGUACUUCGGARAAGCCUAGUACCACCUUG
GAAUCUACGAUGCGUUGCGCUCAGCACUCGACCCCGGAGUGUAGCUUAGGCUGAUGAGUCUGGACGU
UCCCCACUGGUGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUCCAAARCCACAGGACGCU
AGUAGUGAACAAGGUGUGAAGAGCCCACUGAGCUACCUGAGAAUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCAARCCACGGAGCAGGUAAUCGCAAACCAGCGGUCAGCCUGUCGUAACGCGUAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGGUGGCUGCUUAUGGUGACAAUCAU
AGAUUGUUAUCAUAARAGCAAAUUGGAUUGGCCAUCCGGAGUGAGCUAAACUAUCUAUUUCUCUGAGU
GUUGGAUUCGUUUCACCCACAUUCUGAACAAUCAGCCUCAUUAGUGUUACCCUGUUAAUAAGACGAU
AUCAUCACG

=

1 | UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGUGUAGUACUCUGGUAUUACGGUA Enterovirus-
4 | CCUUUGUACGCCUAUUUUAUACCCCCUUCCCCAAGUAAUUUAGAAGCAAGCACARACCAGUUCAGUA J

2 | GUAAGCAGUACAAUCCAGUACUGUARUGAACAAGUACUUCUGUUACCCCGGAAGGGUCUAUCGGUAR
GCUGUACCCACGGCUGAAGAAUGACCUACCGUUARCCGGCUACCUACUUCGAGAAGCCUAGUAAUGC
CGUUGAAGUUUUAUUGACGUUACGCUCAGCACACUACCCCGUGUGUAGUUUUGGCUGAUGAGUCACG
GCACUCCCCACGGGCGACCGUGGCCGUGGCUGCGUUGGCGGCCAACCAAGGAGUGCAAGCUCCUUGG
ACGUCAUAUUACAGACAUGGUGUGAAGAGCCUAUUGAGCUAGGUGGUAGUCCUCCGGCCCCUGARUG
CGGCUARUCCUAACUCCGGAGCAUAUCGGUGCGAACCAGCACUUGGUGUGUUGUAAUACGUAAGUCU
GGAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAACUUUUAUGGCUGCUUAUGGUGAC
AAUUUAACAUUGUUACCAUAUAGCUGUUGGGUUGGCCAUCCGGAUUUUGUUAUAAAACCAUUUCCUC
GUGCCUUGACCUUUAACACAUUUGUGAACUUCUUUAARAUCCCUUUUAUUAGUCCUUARAUACUAAGA

1| CCCCUCCACCCUUAAGGUGGUUGUAUCCCACAUACCCCACCCUCCCUUCCAARAGUGGACGCACARACU Sapelovirus
4 | GGAUUUUGACUAACGGCAAGUCUGAAUGGUAUGAUUUGGAUACGUUUAAACGGCAGUAGCGUGGCGA
3 | GCUAUGGAARAAUCGCAAUUGUCGAUAGCCAUGUUAGUGACGCGCUUCGGCGUGCUCCUUUGGUGAU
UCGGCGACUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGCAAACCUCUACAGUAUUACUUAGAGGG
AAUGUGCAAUUGAGACUUGACGAGCGUCUCUUUGAGAUGUGGCGCAUGCUCUUGGCAUUACCAUAGU
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GAGCUUCCAGGUUGGGAAACCUGGACUGGGCCUAUACUACCUGAUAGGGUCGCGGCUGGCLGLCUGU
AACUAGUAUAGUCAGUUGARAACCCCCCC

L=

UUUCCUCCUUUCGACCGCCUUACGGCAGGCGGGUCCGCGGACGGCUUCGGCCUACCCGCGACAAGAA
UGCCGUCAUCUGUCCUUAUCACCCAUAUUCUUUCCCUUCCCCCGCARCCAUCACGCUUACUCGCGCA
CGUGUUGAGUGGCACGUGCGUUGUCCAAACAGUUACACUCACACCCUUGGGGCGGEGUUUGUCLCGCL
CUCGGGUUCCUCGCGGAACCCUCCCUCUUCUCUCUCCCUUUCUAUCCGCCUUCACUUUCCAUAACUA
CAGUGCUUUGGUAGGUAAGCAUCCUGACCCCCCGCGGAAGCUGCCAACGUGGCAACUGUGGGGAUCC
AGGCAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUGCCGGUGAAUUCCGACAG
GGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCAUCUUAG
UAACCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGGCGACGUUCCGCUGUCCCAGACCAGUCCAG
CAAUGGACGGGCCAGUGUGCGUAGUCGCUUUCCGGUUUCCCGGCGCAUGUUUGGCGARACGCUGAGG
UAAGGUUGGUGUGCCCAAUGCCCGUAAUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGG
UACCCCACUUCGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCU
CUUUUUUCUGGCAUG

Salivirus-A-
BN5

UAUGGCAGGCGGGCUUGUGGACGGCUUCGGCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACC
CCCAUGUUUCCCCUUUCUUUCCCUGCAACCGUUACGCUUACUCGCAGGUGCAUUUGAGUGGUGCACG
UGUUGAAUARACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUGCGGCCUCUCGCGAGGCCCA
CCCCUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUG
CUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGU
AUCCCUGCUAGUGAAUUCUAGUAGGGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGA
GUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUG
UUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUUUCCG
GCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGAUACCUCA
AGACCACCCAGGAAUGCCAGGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGCUAAUUGUCU
ACGGUGGUUCUUCUUGCUUCCACUUCUUUCUACUGUUC

Salivirus-A-
BN2

£~y

UAUGGCAGGCGGGCUUGUGGACGGUUUCGGCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACC
CCCAAUUUUCCCUUUCUUCCCCUGCAAUCAUCACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUG
UUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACT
CUUCCCCUCCCCUUAUAACUACAGUGCUUUGGCAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUC
ACGUGGCAACUGUGGGGACCCAGACAGGUUAUCARAGGCACCCGGUCUUUCCGCCUUCAGGAGCAUC
CCCACUAGUGAAUUCUAGUGGGGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGLGCUGCGGGAGUG
CUCUUCCCCAACCCAUCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGALCGUUC
CGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUGUCLGGEG
CAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCARGA
CCACCCAGGAAUGCCAGGGAGGUACCCCGCCUCACGGCGGGAUCUGACCCUGGGCUAAUUGUCUACG
GUGGUUCUUCUUGCUUCCACUUCUUUCUU

Salivirus-A-
GUT

[~

UUCUCCUGCAACCAUUACGCUUAAUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUAC
AAUCACARUGGGGGCGGGUUUUCLCCGCCCCACGGCUUCUCGCGAGGCCCAUCCCUCCCUUUUCUCCCA
UAACUACAGUGCUUUGGUAGGURAAGCAUCCCGAUCUCCCGCGGAAGCUGCUCACGUGGCAACUGUGG
GGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUGCUAGCGAAUUC
UAGUAGGGCUCUGCUUGGUGCCAACCUCUCCCAARUGCGCGCUGCGGGAGUGCUCUUCCCCAAAUCA
CCCCAGUAUCCUCUCAUGUGUGUGCCUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCA
GUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCCUCCGGCUUGUCCGGCGCAUGUUUGGUGAACC
GGUGGGGUAAGGUUGGUGUGCCCAACGCCCGURAAUCAGGGGAUACCUCAAGGCACCCAGGAAUGCCA
GGGAGGUAUCCCGCCUCACAGCGGGAUCUGACCCUGGGGUARAAUGUCUGCGGGGGGUCCUCUUGGCC
CAAUUCUCAGUAAUUUUCAGG

Salivirus-A-
CH

£~y

UCUGUCCUCACCCCAUCUUCCCUUCUUUCCUGCACCGUUACGCUUACUCGCAUGUGCAUUGAGUGGU
GCACGUGCUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCLCGCCCUGLGGCCUCULGCGA
GGCCCACCCCUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGURAAGCAUCCUGAUCCCCLGCGG
AAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGLCUUC
AGGAGUAUCCCUGCUAGUGAAUUCUAGUAGGGCUCUGCUUGGUGCCAACCUCCCLCCARAUGCGCGCU
GCGGGAGUGCUCUUCCCCARACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAG
ACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCLCGGCU
UGUCCGGCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGAU
ACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGCUAA
UUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUACUGUUCAUG

Salivirus-A-
S7Z1

By

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGUCAGCACCCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCUUCCCCCARUUGUAACUUAGAAGARACACACACCGAUCAAC
AGCAAGCGUGGCACACCAGCCAUGUUUUGGUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUCCGUUAUCCGGCCAGCUACUUCGAGARAACCUAGUAACA
CCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCALCCGCU
UUCCCCACGGGCGACCGUGGLCGGEUGGCUGCGUUGGCGGCCUGCCUAUGGGGGAACCCAUAGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAUUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUAAUGAGCAAUUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUCUUAUUCUUGUACUGGCUGCUUAUGGUGACRAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUGUGUAUCUCUU
UGUUGGAUUUGUACCACUUAAUUUGAAAGARAUCAGGACACUACGCUACAUUUUACUAUUGAACACC
GCARAA

Echovirus-7
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1| UUAAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCAAGCACUCUGGCACUUCGGU EVA71
ACCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCAAUGAAAUUUAGAAGCAGCAARCCCCGAUCAAUA
0 | GCAGGCAURACGCUCCAGUUAUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGARGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGGAARGCCUAGUAACAC
CAUGGAAGUUGCGGAGAGUUUCGUUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGLCUC
UAAUACGGACAUGGUGUGAAGAGUCUACUGAGCUAGUUAGUAGUCCUCCGGCCCCUGRAUGCGGCUA
AUCCCAACUGCGGAGCACACGCCCACAAGCCAGUGGGUAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUGUUGGCUGCUUAUGGUGACAAUUAA
AGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCGAUCGUUUACCUAUUU
AUUGGUUUUGUACCAUUGACACUGAAGUCUGUGAUCACCCUUAAUUUUAUCUUAACCCUCAACACAG
CCAARAC

[}

=

CCUCGGUCCCUCUUUCCGUCGCCGCCCACGACGUUARAUGCGGUGUUGUGGUGCUUAGGUGCCACAL Oscivirus
CACUGCUAUUUGGGUCCCCCUUUCCCCUAUAUAUGUUUGUUUGUUUAUUUCAAUUUCUUGAGGAUUG
1| GCACCUCCUUAUGCCAAAUCUARAUCGUGGAGGAUCCCAGGCUUUCUGGUCUUUAACAGAACUCCAC
GUCCAGGUCAUAGAAACUGGUUGGUAGGCUGCCUGAGUAGUCCAUUUGCUAGUAGUCCCUUGUGAAC
AGGGUGGCUCCCGUUUACUGCUGGUAUUCCCGGUGUAGGUCGCCAUGGUGGUAACACCAUCCUGCAU
UGUGUGUGAACCAGUACCGCAAGGAUAGCARGGUAUGAACACUUGUGGACGAAAUGGUAAGUGAUCA
AUUCACUUUCAUGGCCGGAAGGUCACGUGGCAAUCAUGCCACCCAGGUACCCUCCUCUGGGAGGAUC
UGAGGGUGGGCUAAGCAGACCCUGCCAUGUGGCUGAACUUUUCCCUVUAUUGUUUUACUUUGUAACAU
UUAUAGUUGUGUUAGUGAUUUGUGUGUUGUGCCCUUGUGAGCUAUAUCCAGUAUAAGUUCGCAGCUA
GAAGUUAAUCCUUCGACAUCGGCUGUAUUGGAA

w

[

GUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGAAUCUUCGAUGCGUUGCGCUCAGCA PV-Mahoney
CUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCCCUCACCGGUGACGGUGGUCLCAGGC
2 | UGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUA
UUGAGCUACAUAAGARAUCCUCCGGCCCCUGARAUGCGGCUARUCCCAACCUCGGAGCAGGUGGUCACA
AACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGGCGGAACCGACUACUUUGGGUGUCCGUGUU
UCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAAUCACAGAUUGUUAUCAUAAAGCGAAUUGGAUU
GGCCAUCCGGUGAAAGUGAGAUUCAUUAUCUAUCUGCUUUGCUGGAUUCGCUCCAUUGAGUGUGUUUA
CUCUAAGUACAAUUUCAACAGUUAUUUCAAUCAGACAAUU

(&}

1 | CACCCAUACACCCCCACCCCCUUUUCUGUAACUCRAGUAUGUGUGCUCGUAAUCUUGACUCCCACGG Alchivirus-
AAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCCUCCCCUUGGGAGGALCLCUCGG A-F35693

3 | UCCUCCCACAUCCUCCCUCCAGCCUGACGUAUCACAGGCUGUGUGAAGCCCCCGCGARAGCUGCUCA
CGUGGCRAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGAUG
UGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUU
CCCCAAGCCAAACCLCCUGGCCCUUCACUAUGUGCCUGGCARGCAUAUCUGAGAAGGUGUUCCGCUGU
GGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUU
GGUUAAGAUUUGGUGUARAGGUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGG
AAUGCCAGGCAGGUACCCCACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUC
AUUUCCARAUUCUUUUAUGCUGGAGUC

(&}

iy

GUGUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCAUACUCCCCCCC Aichivirus-
ACCCCCCUUUUGUAACUAAGUAUGUGUGCUCGUGACCUUGACUCCCACGGAACGGACCGAUCCGUUG KVGH

4 | GUGAACAAACAGCUAGGUCCACAUCCUCCUUUCCCCUGGGAGGGUCCCCGCCCUCCCACAUCCCCCC
CCCAGCCUGACGUGUCACAGGCUGUGUGAAGCCCCCGCGARAGCUGCUCACGUGGCARUUGUGGGUC
CCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGGCGUGUGAACUCACGUUGGG
CAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAALCCCCU
GGCCCUUCACUAUGUGCCUGGCAAGCACACCUGAGAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAR
CAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUUCGGACGGUGGUGAUUGGUUAAGAUUUGGUGUA
AGGUUCAUGUGCCAACGCCCUGUGCGGGAUGAAACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACC
CCACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUGGUUUCAUUUCCAAUUCUUUCAU
GUCGGAGUC

)]

1 | GUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAARUUARACGGGCACCCAUACACCCCCACCC Aichivirus-
CCUUUUCUGCAACUUAAGUAUGUGUGCUCGUAAUCUUGACUCCCACGGAACGGAUCGAUCCGCUGGA DV

5| GAACAARCUGCUAGAUCCACAUCCUCCCUUCCCCUGGGAGGACCCCGGUCCUCCCACAUCCUCCCCC
CAGCCUGACGUAACACAGGCUGUGUGAAGUCCCCGCGAAAGCUGCUCACGUGGCAAUUGUGGGUCCC
CCCUUCACCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCA
ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGECCGCCEGAGUGCUGUUCCCCAAGCCAAACCLCUGS
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUARAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGARUGCCAGGCAGGUACCCC
ACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCAAUUCUUUUAUGU
CGGAGUC

(Sl

=

GUAACUUCAAGUGUGUGUGCUCGUAAUCUUGACUCCUGCCGGAAUGCCGCCCGGUUCAGUGAACAAR Murine-

CAGCUAGGCAAGUCLCCUCCCUUCCCCUGUGGUCGGUUCUCACCGGCCACCAUCCCUCCCCCAGCCUG Kobuvirus-1-
ACGUGUUACAGGCUGUGCAAAGCCCCCGCGAAAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUUG aichivirusA3
UCAAGACACCGAGUCUUUCUCCCUUAAGGCUAGCCCGGUCCCACGAACGUGGAACUGGCAACUAGUG
GUGUCACUACACGCCUCCGACCUCGGACGCGGAGUGCUGUUCCCCAAGCUGUAACCCUGACCCARGA
CUGUGCUGCCUGGCAAGCACCGUCUGGGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUG
CCCCAGUGUGUGUAGUCUUCCUCCAGUCUCCGGACUGGCAGUCUUGUGUARAGAUGCAGUGUAAGGU

[WE]
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UCAAGUGCCAAAUCCCUGGAAGGAGUGACCCUCUACUGCCCUAGGAAUGCUGUGCAGGUACCCCCAA
CUUCGGUUGGGGAUCUGAGCACAGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCAUCCUCUCUUUUYU
UGGCAUC

U

UUUGAARAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGCCACCCGCLCGGGLCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACAUAACAGGGCUUCCCAUCCCUGUUU
ACCCUUACUCCACUCACCCCUCCCCUUGACCAACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UCUUGACCUCGGAAUGCCUACUUGACCUCCCACUUGCCUCUCCCUUUUCGGAUUGCCGGUGGUGCCU
GGCGGARAAAGCACAAGUGUGUUGUUGGCUACCARACUCCUACCCGACARAGGUGCGUGUCCGCGUG
CUGAGUAAUGGGAUAGGAGAUGCCAAUAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCAGGGGCAUAGCAUUGCUCACCCCUGAAUCAAGUCAUCGAGAUUUCUCUGACC
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAAAGUCAGUUGACAAGACAC

Porcine-
Kobuvirus-K-

30

@ »

CCACCGUUACUUCACUCCACUCCCUCGGGACUGGUUUGGAGGAGCAUAACAGGGCUUCCCAUCCCUG
UUCACCCUCAAUACCACCCACCCUUUCCCUCAACCAUCCCUAUCCACACCCCACUGACUGAUUCCCU
UGGAUUUUGACCUCAGAACGCCUACUUGACCUCCCACUUGCCUUUCCCUUCUCGGAUUGCCGGUGGU
GCCUGGCGGAAAAAGCACAAGUGUGUUGCAGGCUACCAAACUCCUACCCGACAAAGGUACGUGUCCG
CGUGCUGAGUAAUGGGAUAGGAGAUGCCUACAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGU
GCAUGUGACUUCGGUCACCACGGGCAUAGCAUUGCUCACCCGUGAAUCAAGUCAUUGAGAUUCCUCU
GACCUCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAG
UCGCGGCUGGCCGACUCAUGGGUUARAGUCAGUUGAUARAGACAC

Porcine-
Kobuvirus-XX

NG I

UUUGAAAAGGGGGUGGGGGGGGLCUCGGCCLCCUCACCLUCUUUUCCGGUGGCCACGCLCCGGGCCAL
CGAUACUUCCCUUCACUCCUUCGGGACUGUUGGGGAGGAACACAACAGGGCUCCCCUGUUUUCCCAU
UCCUUCCCCCUUUUCCCAACCCCAACCGCCGUAUCUGGUGGCGGCAAGACACACGGGUCUUUCCCUC
UARAAGCACAAUUGUGUGUGUGUCCCAGGUCCUCCUGCGUACGGUGCGGGAGUGCUCCCACCCAACUG
UUGUAAGCCUGUCCARACGCGUCGUCCUGGCAAGACUAUGACGUCGCAUGUUCCGLCUGCGGAUGCCGA
CCGGGUAACCGGUUCCCCAGUGUGUGUAGUGCGAUCUUCCAGGUCCUCCUGGUUGGCGUUGUCCAGA
AACUGCUUCAGGUAAGUGGGGUGUGCCCAAUCCCUACARAGGUUGAUUCUUUCACCACCUUAGGAAU
GCUCCGGAGGUACCCCAGCAACAGCUGGGAUCUGACCGGAGGCUAAUUGUCUACGGGUGGUGUUUCC
UUUUUCUUUUCACACAACUCUACUGCUGACAACUCACUGACUAUCCACUUGCUCUCUUGUGCCUUUC
UGCUCUGGUUCAAGUUCCUUGAUUGUUUUUGACUGCUUUUCACUGCUUUUCUUCUCACAAUCCUUGC
UCAGUUCAAAGUC

Caprina-
Kobuvirus-
120108~
aichivirusC2

(o))

UUCCCCUUCCCCCUUUUCACGGLCCGGLCGLCCGCCGGRUCGUCACCCGUUCAGACACCUACGGGUU
AUCUGUUCGGGCUAUARAAUAUGGGCAUUCCUCUUCCCCCUUCCCCUUUUGAAGAUGAGUGCGCAUAU
UCUUGACUCCGCCUGGAUUGGCLCGCCCAAGGCGUGAACAAGCAGCUAGGCCACCAUGACACUGCGGU
GGUGUCCGAACCCGCGGGUGCCUUCACGGGCACCUGUGGUAUGUAGGACUCCCACCGUGGUCUUCCC
UUUCCCCCUCAAUCUUUCCCCCUGGUUCGACURACGGGACCAGUGCUGGAACCUGUCCGGUGAACGG
UAUAGCAGGCCCCCCCGGCAGARACACCCGGUGCUUACCCCUUAAGGCUAGCCCCCUUCCAUGAAUU
UGGUUGGGGCAACUAGUGGGUGUACAGUUGGCGUGAACCCUCCGGUCUAGGAGUGCUCUUGCCCAAU
CCUCUGUGUGUGCCUUGCAGUAGGGACUGGCAAUCCUUCGCGUAGGUGAUCCGCUGUGCCAUGCCAU
CCUGGCGACAGGAGGCCCAGUGUGCGCAACCUACGUCCCUUCUGGGUGCUGCAUUGCAUUACLCUUUG
GAGUAAGCUUGGUGUGCCGAAACCCCAGGGUUUACGUACCACUCGUGGUGUGAGGAAUGUGCCGCAG
GUACCCCAUCCUUGAGGUGGGAUCUGAGCGGUAGCUAAUUGUCUAGCACCACUUUCUUCCUUUUUUC
UUUGCUGGUCACG

Rabbit-
Kobuvirus

N

UACGCAUGUAUUCCACACUCAUUUCCCCCCUCCACCCUUAAGGUGGUUGUAUCCCCAUACCUUACCC
UCCCUUCCACAAUGGACGGACARAUGGAUUUGACCUCACGGCAAACACAUAUGGUAUGAUUUCGGAU
ACACCUUAACGGCAGUAGCGUGGCGAGCUAUGGARARAUCGCAAUUGUCGRUAGCCAUGUUAGUGAC
GCGCUUCGGCGUGCUCCUUUGGUGAUUCGGCGACUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGL
AAACCUCUACAGUAUUACUUAGAGGGAAUGUGCAARUUGAGACUUGACGAGCGUCUCCUCGGAGAUGU
GGCGCAUGCUCUUGGCAUUACCAUAGUGAGCUUCCAGGUUGGGAAACCUGGACUGGGCCUAUACUAC
CUGAUAGGGUCGCGGCUGGCCGCCUGUAACUAGUAUAGUCAGUUGARACCCCCCC

Porcine-
Sapelovirus-
JD2011

UUGAAAUGGGUGUGGGGUACAUGCGUAUUACGGUACGCAUAUAUUCCACACUCAUUUCCCCCCCUCC
ACCCUUARAGGUGGUUGUAUCCCCAUACCUUACCCUCCCUUCUAAAACAGAUGGACARAUGGAUUUGA
ACUUAUGGCAAGUGAAUAUGGUAUGACUUUGGAUACACUUURACGGCAGUAGCGUGGCGAGCUAUGG
AAAAAUCGCAAUUGUCGAUAGCCAUGUUAGUGACGCGCUUCGGCGUGCUCCUUUGGUGAUUCGGCGA
CUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGCAAACCUCUACAGUAUUACUUAGAGGGAAUGUGC
AAUUGAGACUUGACGAGCGUCUCUUAGAGAUGUGGCGCAUGCUCUUGGCAUUACCAUAGUGAGCUUC
CAGGUUGGGAAACCUGGACUGGGCCUAUACUACCUGAUAGGGUCGCGGCUGGCCGCCUGUAACUAGU
AUAGUCAGUUGAAACCCCCC

Porcine-
Sapelovirus-
A2

CUCACACUCAUUUCCCCCCUCGCCUGUCACAGGCAACCCCCACCCCUUCUCUUACGGGAGUUAGGGC
CAAGGAUCUGUUGCAUAGGCGUUGUAUCCCCUARACCUUUUACCUACCCAUCCCARUAGGACUGGUAU
UUCGGUUUUGAUUGAGUAAUGGAUACUGAUUCUAUACCUGUUACCCAUUCAGGGGAARAAUGGAGUU
UCUUUCAUGGAUCUGACUUGAUAUGACCAAGAGUCAACACUUUGCGUGUUGGCCGUAUGGAAUGCUU
UAAGGUUUAUUCUUUGGAUUAUGACUUCAGGGUUGGCCGCCCAGGAUARAAGGCAAUUGUGGUAAGU
GAUGUUAGUCAUUGGUGGUUGAARACCUGCCUAAGACGUCCUAGGUCUACGCUGUGCGGGCCGAAGUA
AGCUUAGGAAUAACAGGGAGUAUGCCAUUUUCUGCUUUCACCCAACACGACCGUACACGAAAGAGCU
AGAGGCACUUUGGGGCAAAGGGAAAAGCUUUGCUUAGCCCGAAUGUUCAUUUGAGUCCUUGACGAAU
GCGUCCCGUCUGUCCCGACGGUGAGGCGUAUGGCGCAUGCUCAUGGCAUUACCCRAUGGUGUAUCUG
UGAGGGGGGGGCUCCUCACACUUAGUCUAGUGCUACCUGACAGGGCCGCGGCUGGUCGUUUGUGUAU

Stmtan-
Sapelovirus-
1
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GGUAUAACCAGUAGUAAUCCCCCAUGGAUUGCUUUAACUUCCCCUCCUCCCUUACCAAGACAUUCUC
UARG

1 | UUUUAACUUGUUAUGACAUUCAAGGQAAAARAUGUCUUUUUCAUUAUGGGACUGACCUGUUUAUGARAC Stmtan-
AUGAGCAGCGGCACUGCUCCACGGGCUAUCCGUGUAAGAAAUAUUGAUUAUUCUUAUGGAUCAUGAU Sapelovirus-
4 | UUCAGGGUUGGCCGCCCAGUCUAARAGGCARUUGUGGUAAGCUAUGUAAGUAGUUGGCUGUUGARAG 2
GAGCCAAGUACAUCCUAGGUCUACGCUGUGCGGGCCGAAGUAAGACUUGGAACAACUCUGAGUAGGC
AGUUUUUCUCUUUAGCCCAACACGACCGCAUACUGAAGAGCUAGAGGCACUUUGGGGCAAAGGUAAA
AGCAUUGCUUAGACCGAAUGUUCAAUGAGACCUUGACGAGUGCUGUCACAGUGUCCCCUGAUGGCAG
UAUGGCGCAUGCUCUUGGCAUUACCCAUAUGUGUAUCUAUAGGGGGGGGGCCCCCUAUACUUAGUCU
AGUGCUACCUGACAGGGCCGCGGCUGGUCGUCGGUGUGUGGUAUAACCAGUAGUAAUCCCCCAUGGA
UUGCUUUAACUCCCCCUCCUCCCUCAACAARACUUUCUCUAAG

o

1 | CCGGGUAUAACCCGGAGUUUUGGGGCAGGUCCAAGCCCCACAUAGGAACAUACGAUCCACGGAUCGU Rabovirus-C
6 | GUGUUCUUUUAUGCUUUCUAACCUUACCCUUUGUAACCAUUACGCUUUACGCCGCAUGGUGUUUGGE
5 | GGCACCAUGACGUGGACAAGAGGUUACGCCAUUACGAUAUGUACCCUCCCCUUUUGGGCAGAGACCS
ACCAAUUAUGGUACAGUAUCCAACUGUAUUGUGGUCAAGUACUUCUGUUUCCCCGGUGAUGCGGGAU
AGGCUGUACCCACGGCCAARAACCUGCUGAUCCGUUACCCGACUCACAUCUACGAGGAGGCUAGUAAA
AGGCAUGAAGUUCAAGAGUAUGAUCCAACCAGAUCCCCACUGGUAAACUAGUGAUGAGGGUUCCCGU
UCCGAACAUGGCAACAUGUGGGUUCCCUGCGUUGGCACUAGGCCCCUUCCGAGGGGUGCUCUGAAGA
UGGAUUGUUGAUGAARGACCAAUUUGUGCAUGUGUUUAUCCUCCGGCCCUCUGA

1 | UUGAAAGACCUCGGCAUAUAUCGUUGUCACAACGGUAUAUGUCGAGAUCUUUCUCCCCACCCCCUCT Boosepivirus
AAUUCCCUUUUCCCLCCUCUUGCARACUUAGAAGUUUGUACACACAGGGCRAAUAGGAUACGUGAUCCAG -A

6 | CCAGGACACGUGAGCUCAAGCACUUCUGUUUCCCCGUCCCCUUCACGUACUACGGGAAUGUUAGUAR
UUUGUGUGCACUUUAGUAAGGUUGAUCCGGGAUUARACCCCAAAUCCCAGAARACUGGUGAUGAGCGUU
ACCACCCCCGCCGGGCGACCGGAAGGUUUCGCUGCGUUGGCACCAGGGCUUCGGCACCAGAARAAGG
UARAGCAAAUGAAGGCGCUACUGUGCUACGAGAAGUUUCCUCCAGGCCCCUGAAUGCGGCUAAUCCU
AACCAGUGAUCCACCGGUGCAARAACCAUGUACUAGGUGGUCGUAACGCGCAAGUCGCUGGCGGARCC
GACUACUUUGGGUGUCCUGUGUUUCCAUAUUUUAUUUUAUUCAAUUUUAUGGUGACAAGAGUAAAGA
GAUACAGAUUUGCAGCC

(o2

1 | UUUUCUCCCCUCCCCCUCCAACUACCUUUUCCCCCUCUUGUAACGCUAGAAGUUUGUGCARAACCGCC Boosepivirus
UGUAGGGUACUGCAAUCCAGCAGUGCAUAGGCUAAGCUUUUCUUGUUACCCCACCCCACAUUAUACU -B

7| GAGGAGGAUUGUGARAUUGUGUUAGUAUGGGUUAGUAGCGGUGACCCGGGUAACCCCAACCCAGARAA
CUCACGGAUGAGAUGAACAGGACCCCACAUGGUAACGUGUGUGUUCGUCUGCCCLGCAAGGUGAGGL
CGUGAGAGCUUUGCACGCGAAAACCUUGAARACCCAAAAGUACCUUGAGCUCUUCGCUAUUUUGUGU
UUCCUCCAGGACCCUGAAUGCGGCUARACCUAACCCGCGAUCCGCACGUAGCAACCCAGCUAGAGUG
UGGUCGUAAUGCGCAAGUUGCGGGCGGUACCGACUACUUUGGUGUUCCUGUGUUUCCUUUAUUUUAU
UUUGAAUUUUUAUGGUGACAACAGCUAGAARAUAAGAGUGAAC

()}

UUAAAACUGGGUUUGGGUUGUUCCCACCCARACCACCCACGCGGUGUUGUACACUGUUAUUCCGGUA HRVA73
ACCUUGUACGCCAGUUUUAUAUCCCUUCCCCCCCUUGURACUUAGARGACARUGCGARUCGACCARUA
GCAGGCAAUCAACCAGAUUGUCACCGGUCAAGCACUUCUGUUUCCCLCGGCUCUCGUUGAUAUGCUCC
AACAGGGCAAAAACAAUUGGAGCUCGUUACCCGCAAGAUGCCUACGCAARACCUAGUAGCAUCUUCGA
AGAUUUUUGGUUGGUCGCUCAGUUGCUACCCCAGCAAUAGACCUGGCAGAUGAGGCUAGAAAUACCC
CACUGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCACACGGGUGUGRAAGCCAAAGAUUG
GACAAGGUGUGAAGAGUCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAA
CCCCGUAGCCAUUGCUCGCAAUCCAGCGAGUAUAUGGUCGUAAUGAGUARUUACGGGAUGGGACCGA
CUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUCAAUUUGCUUAUGGUGACARUAUAUAUAGAUA
UAUAUUGACACC

[N N o

ACAUGGGCCAGCCCACCACACCCACUGGGUGUAGUAGUCUGGUUCUAUGGAACCUUUCUACGCCUCU EV-L-1
UUUGCUUCCCUCCCCCAUUUCUCCUUCGAUUGCUCCACCUGUGAUCUUUGCAACUUAGAAGARAUAR
UGAACCCGCACAAUAGCGGGCGCUGAGCCACAGCGUCAAUGUGCAAGCACUUCUGUUUCCCCGGAAU
GGGCCCAUAGGCUGUACCCACGGCUGAAAGGGACCGGCCCGUUACCCGCCUUGGUACUGCGAGAAUG
UUAGUAACUCCCUCGAUAGCUUUAGGCGUUACGCUCAGCCCUUUGAGCCCGAAGGGUAGUUCGGGUC
GAUGAGGCUCGUCAUUCCCCACUGGCGACAGUGUGACUUGCCUGCGUUGGCGGCCCGGGGUGGEGGE
CAACCCCCAUCCACGCCUACUGAAGGACAGGGUGUGAAGGCGCUAUUGCGCUACUAAGGAGUCCUCC
GGCCCCUGAAUGCGGCUAACCCGAACCCCGAGCCCACGGUGGUAAACCCGCCACAACUGGGUCGUAA
UGAGUAAUUUGGGGCAGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCAUACGAUGGCU
GCUUAUGGUGACAACCAUAAGCAAUUGGAUUGGCCAUCCGGUGUUCAUAUUGCGAAU

o oy

1 | UUUAAAAGAGCCUGGGGGUUGUUCCCACCCCCAGGAUGCCCACUCGUGGGCAUGUGGUACUGUGGUA EV-K-2
UCGCGGUACCACAGUACGCCUCUUUGACCGCCCUGACCCAAGAAUCUUUUCCUUUARCAGAUCUCUU
0 | CGUAACAAGGGCCUCAGCCUGACGCARGUGCCUCCAUUGGAGUCUCUCCAAGCCCUCCGGGGCUUGG
AGGGCGLCCGACCCCCUGCCUAGGGGGAGCCCACGACACGGCUGGAGUCCAUUGGCACACCGCAGCCA
CGAUUCAAGCCAGAAUUGAAAGCGGGAAGCACUUCUGUCUCCCCGGUGUGGAUCAUACGCUGUACCE
ACGGCGAAAAGUGAAGCAUCGUUACCCGACUCGGUACUUCGAGAAGCCCAGUACAGUUGUGGAUCUC
UGCAGGGUAUACGCUCAGCGUGACCCCUACGUAGUUCCUUGAGAUGGCUGAGAGAACACCCCACGGE
CGACCGUGUCUCUCGGCGCGUGGCUCAAGGCCGGGCCUUCAGUGGCUCGGUGCCUUGCAGAGUGAAG
CCUCCGAACAGCCUAUUGAGCUACCGUUUAGCCUCCGCCCUCUUGARUGCGGCURAUCCUAACCAUG
GAGCGCCCGCCCACAGUCCAGUGGGUAGAGCGUCGUAACGCGCAAGUCCGUGGCGGAACCGACUACU
UUAGAGUGGCGUGUUUCCAAUUUAUCCUUUAUAAAGUUGCUUAUGGUGACACCACAAGAGAUCCACG
AUUUCUUGUUUCUUAUCACUGAGACACAAGUCAUAUUCAUCAAUCUUUAUUGCGGAAUUAACUUGGU
GCGUCCAAACACAUCAGC

~J
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1| UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUCAAGGUA EV-J-1631
CCUUUGUACGCCUAUUUUAUUUCCCUUCCCCCACAGUAACUUAGAAGCUUAUCUCAUAGUUCAACAG
1 | UAGGGUCACUAACCAAGUGGCUCAGCGAACAAGCACUUCUGUUUCCCCGGUCCUAGUACCUGUGRAG
CUGUACCCACGGCGGARGGGGAAARAAGAUCGUUAUCCGGCCCCCUACUUCGGAARGCCUAGUAACAC
CAUUGAAGCAAUCGAGUGUUGCGCUCAGCACAGUAACCCCUGUGUAGCUUUGGUUGAUGAGUCUGGG
CACUCCCCACUGGCGACAGCGGCCCAGGCUGCGUUGGCGGCCAACCGACUCGGGCAACCGGGUCGGA
CGCUCGUUUGUGGACAUGGUGUGAAGAGCCUACUGAGCUAGAGGGUAGUCCUCCGGCCCCUGAAUGL
GGAUAAUCCUAACCCCGGAGCACCCACACUCAAUCCAGAGUGCAGGAUGUCGUAACGCGUAAGUCUG
GGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACUUACUUUGGCUGCUUAUGGUGACA
AUCUAGUGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUUUUGAAUUGUGUGUUUAUACUA
AUUCUUUUACAUAUCACAGACAACCAAAU

~J

1 | UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUUACGGUA EV-J-N125-
7 | CCUUUGUACGCCUAUUUUACCCCCUUCCCCUUGURACUUAGRAAGCARAGCAAACCAGUUCAAUAGUA J108

2 | AGCAACACAACCCAGUGUUGUGACGAACAAGUACUUCUGUUUCCCCGGGAGGGUCUGACGGUAAGCU
GUACCCACGGCUGAAGUAUGACCUACCGUUAACCGGCUACCUACUUCGAGAAGUCUAGUAAUACCAU
UGAAGUUUUGUUGGCGUUACGCUCAACACACUACCCCGUGUGUAGUUUUGGCUGAUGAGUCACGGCA
UUCCCCACGGGCGACCGUGGCCBUGGCUGCGUUGCGGCCAACCAAGGGGCGCAAGCUCCUUGGACGU
CACUUAACAGACAUGGUGUGAAGAACCUAUUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUCCGGAGCACAUCAGUGCAACCCAGCAUUUGGUGUGUUGUAAUACGCAAGUCUGGAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACCUUAUUUGGCUGCUUAUGGUGACARAUU
UGAUAUUGUUACCAUAUAGCUGUUGGAUUGGCCAUCCGGAUUUUUGAAAGAGACCCAAAACUUUCUU
CUCUACUUCAGAUUCAAGUGCGAAGUUUUCCUUUUCAUAUAUUACUUACUAAUUUGAAGUACCAAAG

1 | UUAAAACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACGUGGCGCAAGUACUCUGCUUCGUUAGA EV-1
7 | AGCCUUGUACGCCUGUUUUCCCCUCCUUAAACRARUUAAGAUUGCCACUUCCGAGGGGAGUAGUCCG
3 | ACUCCGCUCCGAUACGUCGCUCCAGUGCGCUAGUACGCUUAGUACUUUCUCACGGGGAUAGUGGUAU
CCCUCCCUAGUAAUUUAGAAGACUUGAAARACCGACCARUAGGCACCUCGCAUCCAGCGGGGUARAG
GUCAAGCACUUCUGUUUCCCCGGGUCGAGUAGCGAUAGACUGUGCCCACGGUCGAAGGUGAAACAALC
CCGUUAUCCGACUUUGUACUUCGGGAAGCCUAGUACCACCAAAGAUUAUGCUUGGGGUUUCGCUCAG
CACGACCCUGGUGUAGAUCAGGCCGAUGGAUCACCGCAUUCCUCACAGGCGACUGUGGCGGUGCUCG
CGUGGCAGCCUGCCGAUGGGGCAACCCAUCGGACGCCAAGCAUAUGACAGGGUGUGAAGAGCLCUACY
GAGCUACAAAGUAUUCCUCCGGCCCCUGAAUGCGGCUAAUCCCAACCACGGAGCAUUUGCUACCAAA
CCAGGUAGUGGAAUGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
CUUUUAAUUUAUCAUUCUGUAUAUGGUGACAACUAUAGUGCUAUCUCGAUUUGCAUUACUAUUGUUG
AGAUUARAACUUUAUUACAUUGUUGCAUUUUACCCUUUGAGUGAGUUUUCACCUGAACAGAUUAAUU
UACUCAUCCUGUUUAUAUAUUACAAGCAGAAAUACUUGCAAAG

1 | UUUAAACAGCCUGGGGGUUGUUCCCACCCCUGGGGCCCACGUGGCGCUAGUACUCUGGUACGCUAGU EV-F1-BEV-
ACCUUUGUACGCCUGUUUUUCCCCUCCCUUAAAUAAAUCAAGGUUGCCACUACUGAGGGGAGUAGUC 261

4 | CGACUCCGCUCCAGCAAUGCUGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGAUGGU
AUCCCUUACCCCGGAACCUAGAAGAUUGCACACARACCGACCAAUAGGCGCACCGCAUCCAGCCGUG
CAGCGGUCAAGCACUUCUGUCUCCCCGGUCUGUARAGAUCGUUAUCCGCCCGACCCACUACGRARAG
CCUAGUAACUGGCCAAGUGAACGCGAAGUUGCGCUCCGCCACAACCCCAGUGGUAGCUCUGGAAGAU
GGGGCUCGCACCACCCCCGUGGUAACACGGUUGCLCUGCCCGCGUGUGCUUCCGGGUUCGGUCUCGUG
CCGUUCACUUCAACUUCACGCAACCAGCCAAGAGCCUAUUGUGCUGGGACGGUUUUCCUCCGGGGLL
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAALGCGU
AAGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCUCAUUUUAUUUAAUAUUUUAUG
GUGACAAUUGUUGAGAUUUGCGCUCUUGCAACGUUGCCAUUGAAUAUUGGCUUAUACUAUUUGGUUG
CCUUUUACAAAACCUCUGAUAUACCCAGUUCUUACAUUGAUCUGCUUGUUUUUCUCAAUUUGAAGUA
UAGACUACARAUAGCARA

~J

1 | UUAAAACAGCCUGUGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGECCAGUACUCUGGUAUCACGG EV-D9%4
7 | UACCUUUGUACGCCUGUUUUAUAUCCCCUUCCCCCGCAACUUAGAAGAARACAAAUCAAGUUCACUA
5| GGAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAGACTU
GUAACCACGGUUGAARAARCGAUUGAUCCGUUAUCCGCUCUUGUACUUCGAAARAGCCCAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACA
CUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUCCAARGCCACAGGACGT
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACCACGGAGCAAGGGUACACAAACCAGUGUAUAUCUUGUCGUAACGCGCAAGUCUGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAUAUAGCUGUUGGAUUGGCCAUCCGGUAAUUUAUUGAGAUUUGAGCAUUUGCUUG
UUUCUUCAACAAUUUCACCUAUUCAUUGCAUUUCAGCAGUCARA

1 | UURARACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACACUGGUAUCACGG PV3
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCGCAACUUAGAAGCAUACAARUUCARAGCUCARAUAG
6 | GAGGGGGUGCAAGCCAGCGCCUCCGUGGGCAAGCACUACUGUUUCCCCGGUGAGGCCGCAUAGACUG
UUCCCACGGUUGAAAGUGGCCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCGCUCUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCAACCCCGGAGUGUAGCUUGGGCCGAUGAGUCUGGACAG
UCCCCACUGGCGACAGUGGUCCAGGCUGCGLUGGCGGCCCACCUGUGGCCCAAAGCCACGGGACGCY
AGUUGUGAACAGGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCAUGGAGCAGGCAGCUGCAACCCAGCAGCCAGCCUGUCGUAACGCGCAAGUCCGUGGEG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGARAUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAGUUGGAUUGGCCAUCCAGUGUGAAUCAGAUUAAUUACUCCCUUGUUUG

~J
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UUGGAUCCACUCCCGAAACGUUUUACUCCUUAACUUAUUGARAUUGUUUGAAGACAGGAUUUCAGUG
UCACA

1| UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUCACGG EV-C102
UACCUUUGUACGCCUGUUUUACAUCCCCUCCCCCACGUAACUUUAGAAGCAAUUCAARCAAGUUCAAU
7 | AGAGGGGGUACAAACCAGUAUCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUUUUACAUAAGCU
GUGCCCACGGCUGAAAGUGAAUGAUCCGUUACCCGCUCGAGUACUUCGAARAGCCUAGUAUCGCUUU
GGGAUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGCUGAUGAGUCUGGGCAU
UCCCCAUCGGCGACGAUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAACGCCAUGGGACGCUA
GUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUCGAGAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCCAACCACGGAUCAGGUGCCUCCAACCCAGGAGGUGGCCUGUCGUAACGCGCAAGUCUGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUARAUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAUACARACACAUUAUUUACUUGUUUG
UUGGAUUUACUCCGCUCACACAGCUUACUCCUAAGAUAAUAUUUAUUGUAUUGCUGGUAAGGAGACA
CUAUUAUA

~J

1 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCGUGGU EV-30
ACCUUUGUGCGCCUGUUUUAUACCCCCUACCCCCACAUGUACUCUAGAAGCAAGGCAAACCUGACCA
8 | AUAGUAGGUGUGGCACACCAGCCGCAUUUUGGUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAU
AAGCUGCUCACGCGGCUGAAGGAGAAACCGUUCGUUACCCGACCAGCUACUUCGAGARACCUAGUAA
CACUAUGAACGUUGCGGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGULCACCG
CAUUCCUCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGEGCCUGCCUACGGGUUCGCCCGUAGGACG
CUCUAAUACCGACAUGGUGUGAAGAGUCCAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCAGGUGCUCACAGACCAGUGAGUAGCCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUUUUUCCUUUUUUCUUCUCUUAUAUUGGCUGCUUAUGGUGACAAU
UARAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACGAGCAGAGCCAUUGUUUACCUC
UUUGUUGGAUUUGUACCUUUGAACCACAAAGUCUUGAAUACCAUUCAUCUCAUUUUAAAGUUCARCU
CAGCUARAAGAAA

~J

1 | UUAAAAUAGCCUGUGGGUUGCUCCCACCCACAGGGCCCAAGUGGCGUAGUACUUGGUAUUCCGEGUAL SA5-
CUUUGUACACCUAUUUACAAACCCUACCCCUUGUAACCUUAGAAGCAAUUAUUUAACCGCUCACUAG enterovirusB
9 | GGGGUGUGCUAUCCAAGCACAUCAAGAGCAAGCACUUCUGUCUCCCCGGGAGGGGCUARUGGUACGT 114
UGUGCCCACGGCGGAAAUGAGCCCUACCGUUAACCGGCAGUCUACUUCGGGAAGCCCAGUAACUACA
UUGAAACUUUGAGGCGUUACACUCAGCACAUAACCCCAAUGUGUAGUUCUGGUCGAUGAGCCUUGGC
AUCCCCCACAGGCGACUGUGGCCAAGGCUGCGUUGGCGGCCAGCCUGCGGACCARAAGUCCGUAGGA
CGCCUAAUUGUGGACAUGGUGUGAAGAGCCUACUGAGCUAGACUGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCUAACCCUGGAGCAUCCGCGUGCAACCCAGUACGUAGGGUGUCGUAAUGCGUAAGUCUG
GGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCAUACUGGGUCGCUUAUGGUUACAA
CUAAUUGUUGUAAUCAUUGGCAGUGCGCGCUGACCACGCGAUUAUUGAUAUUUCCAUUUGUUGGAUA
CUCCAAUAGUGUCAACUCAUAUACACAACUUUUACCACUGAUCAAGAUAARA

~J

1 | UURARACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUUCUCCGGA EV-Al114
ACCUUUGUGCGCCUGUUUUGAAACCCCCUCCCCCAACUCGAAACGUAGAAGUAAUGUACACUACUGA
0 | UCAGUAGCAGGCGUGGCGCACCAGCCAUGUCUCGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUC
AAUAGACUGCUCACGCGGUUGAAGGUGAAAACGUCCGUUACCCGGCUAACUACUUCGAGAAACCUAG
UAGCACCAUAGAAACUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGCAAUCCCCACGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGG
ACGCUCUAAGGUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUG
CGGCUAAUCCUAACUGUGGAGCGCAUACUCCCAAACCAGGGAGCAGUGCGUCGUAACGGGCAACUCC
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUACUGGCUGCUVUAUGGUGAC
AAUUGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUGUARUAGAGCAAUCAUUUAC
CAAUUUGUUGGAUUUACUCCAUUAACCCACACGUCUCUCAACACACUACAUUUCAUCUUACUACUGA
ACACUAGAAA

[ee]

1| CUCCCCCCCCUUCCCCUUCCCCAGUAGGAGAUUGGCAUGUAUGCUCUACAUGCCCGAUUCUCUCUUG Burpengary-
CUCACUCUCUUAAAUCCUGGUGGCGGUCUCGGAUUAAACAUUUAUGUCGUAUCUGGGAUCGUCUUAC virus

1 | UUGGUGGUAAUUCCUCUGUUGCCUAGGGACCUCCGGACUGCCGGAUUARAGGUCUCAACAGAGGGCA
AUGUACAAGGAAGUCAUUAUACGCUAAUUAAGUAUUUGAUGAAUGACUAGUGUGACAGGGCUGAGGA
ACUCCCCCCGGGUARCCGGUGCCUCAGCGUCCGARAGACACGUGGAUAGGAUCCACCCUGUUARUACC
CAGCACGAUGUAAUAGUCAAAUACCUCUGAUUUGUGUAGGAUGUAUAAAUUGUGCAUUGUAAAUUUU
GGGCGUAGAGAUGCUCCGAAGGUACCCCGUUUUACGGGAUCUGAUCGGAGGCUAAUUACCCARUGCG
CCCUAAAUAACUUCAUAUAAUUUCUUUUUCUUUAUUCARA

[es

1| AUGGGGCAAGGGUAUGACGUGCCCCUUCCUUCUUCGGAGAACUCGCUCUAGUGGUCUUUCCACUUCUG GFTV
8 | GAAAAGAGUGAGUGCACGUGAUCAGGACCGUCGAAGACGACAAAUACCUGGUGCUCUAUCUCAUAGA
2 | CGUUUCACAGCUGUAGCGACCCCUCAGUAGCAGCGGAAGCCCCCUCCUGGUGACAGGAGCCUCUGCG
GCCAAAAGCCACGUGGAUAAGAUCCACUGCUGAGGGCGGUGCGACCCUAGCACCCUGUGAUGCAUAL
UAGUUGUAGCGUGCCGGACUAUUGGUCUGUCAUAARGACACCUGAUAGAGAGACCAAGAAUGUCCUGG
AGGUACCCCGCGUGCGGGAUCUGACCAGGAGACCAUUGCCCAAUGCUUUACAACGGGUCUAUGGUUU
AARAACUGUCGCAGUCUCUCCARACCAAGUGGUCUUGGUUUUCAAUUACUUUGAAUAUUUCACU

1 | AAGACCAUAUAUCUUAUCCCUUGAAUGCUGGCUAAUCAGAGGAAAGUCAGCAUUUUCCGGCCCAGGC SAFV-V13C
8 | UAAGAGAAACAUAUAAGUUAGAUUUGAUUUAAAUCCCUUGACGAAUUCGAARACCAGAUGUUCUCCCU
3| CCCUUGCCGCUUGUUCACACCCACUUAUUUAAUUCGGCCUUUUGUGACAAGCCCCUCGGUGARAGAA
CCUCUCUCUUUUCGACGUGGUUGGAAUUGCCAUCAUUUCCGACGAARGUGCUAUCAUGCCUCCCCGA
UUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAACCUUGAAUCUUUUUCUU
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UGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUGAUCUUAUUUC
UACUUUUGCGGGUUCUAUCCGUAAAAAGGGUACGUGCUGCCCCUUCCUUCUCUGGAGAAUUCACACG
GCGGUCUUUCCGUCUCUCAACAAGUGUGAAUGCAGCAUGCCGGAAACGGUGAAGAAAACAGUUUUCU
GUGGAAAUUUAGAGUGCACAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGACUCCCCUCUUG
GCGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAACCCCA
GCACCCUGGUUCGAUGAUCAUUCUCUAUGGAACCAGAARAUGGUUUUCUCAAGCCCUCCGGUAGAGA
AGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGGCGGUGCUUUA
CACUGUCACUUUGGUUUAAAAAUUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCCAAUUUY
GUUGAAUGGCAAU

[es]

GGGGAUCUCCCCCGCGGCAGCUGGUUACAGCUGUCGCGGACGGAGAUCAUCCCCLGGCCACCCCCUY
UCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUACUCCCGACUCCCGACUCUAACCCAGG
UUCCUUGGAACAGGAACACCAAUAUACUCAUCCCCUGGAUGCUGACUAAUCAGAGGAACGUCAGCAU
UUUCCGGCCCAGGCUAAGAGAAGUAGAUAAGUUAGAUUCCAAAUUGAUUUAUCAUCCCCUUGACGARA
UUCGCGUUGGAAAUGCACCUCUCACUUGCCGCUCUUCACACCCAUUAACUUGAUUCGGCCUCUGUGU
UGAGCCCCUUGUUGAAGUGCUUCCCUCCAUCGUGACGUGGUUGGAGAUCUAAGUCAACCGACUCCGA
CGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGUGGAGCAUCCUCGGG
UUGAGAAAACCUUCUUCCUUUUUCCUUGGACCCCGGUCCCCCGGUCUAAGCCGCUUGGAARUAAGACA
GGGUUAUCUUCACCUCUUCCUUCUUCUACUUCAUAGUGUUCUAUACUAUGAAAGGGUAUGUGUCGCC
CCUUCCUUCUUUGGAGAACACGCGCGGCGGUCUUUCCGUCUCUCGARAAGCGCGUGUGCGACAUGCA
GAGAACCGUGAAGAAAGCAGUUUGCGGACUAGCUUUAGUGCCCACAAGAARRACAGCUGUAGCGACCA
CACAAAGGCAGCGGACCCCCCCUCCUGGCAACAGGAGCCUCUGCGGLCCAAAAGCCACGUGGAUAAGA
UCCACCUUUGUGUGCGGCACAACCCCAGUGLCCUGGUUUCUUGGUGACACUUCAGUGARAAACGCAAA
UGGCGAUCUGAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCUUCCCUCGGGARGG
GAUCUGACCUGGAGACACAUCACAUGUGCUUUACACCUGUGCUUGUGUUUAAAARUUGUCACAGCUU
UCCCAAACCAAGUGGUCUUGGUUUUCACUCUUUARACUGAUUUCACU

SAV-P-113

GACCCURACCCAGGUUCCUCGGAUCAGGAACACARAUUUACUCAUCCCCUGGAUGCUGACUARUCAG
AGGAAAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAGUAGAUAAGUUAGAUUCCAAAUUGACCUACC
AUCCCCARUGACGAAUUCACAUUGGAAAUACACCUCUCACUUGCUGCUCUUCACACCCAUCAAUUAAU
UCGGCCCACUGUGUUGAGCCCCUCGUUGAAGUGUUUCCCUCCUUCGUCACGUGGUUGGAGAUCCAAG
UCAUCCGACUCCGACGAAACUACCAUCAUGUCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAUUCCUUCUUCCUUUCUCCUUGGACCUCGGUCCCCCGGUCUAAGCCG
CUCGGAARUAUGACAGGGUUAUUUUCACCUCUUCUCUCUUCUACUUCARUAGUGUUCUAUACUAUGAAA
GGGUAUGUGUCGCCCCUUCCUUCUUGGAGAACGUGCGUGGCGGUCUUUCCGUCUCUCGAAAAACGUG
CGUGCGACAUGCAGAGUAACGCAAAGAAAGCAGUUCUUGGUCUAGCUCUGGUGCCCACAAGARAACA
GCUGUAGCGACCACACAAAGGCAGCGGAAACCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAAAGE
CACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCLCAGCACCCUGGUUUCUUGGUGACACCUUA
GUGAACCCUCGAAUGGCAAUCUCAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCU
UCCUCAUGGAGGGAUCUGACCUGGAGACACAUCACACGUGCUAUACACUUGUGCUUGUGUUUAARAA
UUGUCACAGCUUUCCCAAACCAAGUGGUCUUGGUUUUCCCUUAACUUCGARAAGUCACU

VHEV-
cardiovirusB
2

oy o =

CACCCCCUUUGGACGCGGGGCCUGCGAUAGUGCCACCCCCCGUCCUCCCUAUUCCARCUACCLGACC
CUAACCCAGGGUCCAGGARAACUGGAUCAAUACAAGUCAUCCCCUGARUGCUGGCUAAUCAGAGGAAR
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACACRAUAAGUUAGAAUCUARAUUAAUCCCCUUGACG
AAUUCGCAACGAUAAGUCCUCCCUCCCUUGCCGCUCGUUCACACCCAGAACUAACAAUUCGGLCCCU
UGUGACGAGCCCCUUGGUGAAAGGACCUCUUUCARUGCGACGUGGUUGGAGAUUAAACCGACUCCGA
CGAAAGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGG
UUGAUACACCUUGARUCCUUCAUCCUUGGACCUCAGGUCCCCCGGUCUAAGCCGCUUGGAAUACGAC
AGGGUUAUUUUCCAAUCUUCUCCUUUCUACUUUCAUGAGUCCUAUUCAUGAAAAGGGUCUGUGCUGC
CCCUUCCUUCUUGGAGRAUCUGCGCGGCGGUCUUUCCGUCUCUCGARAAGCGCAGAUGCAGCAUGCU
GGAACCGGUGAAGAAAACAGUUCUUUGUGGAAACUUAGAGCAGACAUCGAAACAGCUGUAGUGACCU
CACAGUAGCAGCGGAACCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAY
CCACUGCUGUGAGCGGUGCAACCCCAGCACCCUGGUUCGAUGGUUGUUCUCUGUGGAACCAGAGAAU
GGUCUUUCUCAAGCCCUCCAGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCAUGCGGGAUCUG
AUCAGGAGACCAAUCGUCAGUGCUUUACACUGGCGCUUUGGUUUAARAACUGUCACAGCUUCUCCAA
ACCAAGUGGUCUUGGUUUUCACUUUUAUCAAACUGUUUC

TRV-NGS910-
cardiovirusB
4

[ee]

AAAUACUGGUCGAAACCGCUUGGGAUAAGACCGGGGUUUGUUAAUGUCUCAAUGUUAUUCUCCACCC
AAUUGACGUCUUUUGUCAAUUGGAGGGCAGUGAAACCUUGCCCUUGCUUCUUGCAGAGGAUUCCCAG
UGGUCUUUCCGCUCUCGACAAGGGAAUUCAUGAUCCACCAAAAGUUGUGAAGAGAGCAGGUCCCAUG
GAAGCUUUCUGACGACUGAUGAUGACUGUAGCGACCCUUUGCAGGCAGCGGACCCCCCCACCUGGUG
ACAGGUGCCUCUGCGGCCAAAAGCCACGUGUUUAACAGACACCUGCAARGGCGGCACAACCCCAGUG
CCUCAUCAAAAGUCUGAUGACUGUGGAAAUAGUCAACCGGCUUUUCUUAAGCAARUUUGGUGUCGGG
GCUGAAGGAUGCCCGGAAGGUACCACACUGGUUGUGAUCUGAUCCGGGGCCACAGUACAUGUGCUUU
ACACAUGUAGCUGCGGUUARAAARACGUCUAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGAR
AACCACGAUUACAAU

EMCV2-
RD1338-
cardiovirusA
2

[es]

UUGAAAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA
CCCACUCCCCCUUUCAACGUGAAGGCUACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCL
AAAACAACAACAAACCCCCCCUAACAUUACUGGCCGACGCCGCUUGGAAUAAGGCCGGUGUGLCGUUU
GUCUAUAUGUUAUUUCCCACCACAUUGCCGUCUUUUGGCAAUGUGUGGGCCCGGAAACCUGGLCCUG
UCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCARAGGAAUGCAAGGUCUGUUGAAUGU
CGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGGCCCUUUGCAGG

EMCV1-JZ1203
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CAGCGGAACCCCCCACCUGGCGACAGGUGCCUCUGCGGCCARAAGCCACGUGUAUAAGAUACACCUG
CARAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCARAUGGCUCUC
CUCAAGCGUAUUCAACARAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUG
GGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUAAAAARCGUCUAGGCCCCCCGAACCA
CGGGGACGUGGUUUUCCUUUGAAAAACACGAUGAUAAU

[ee]

AUGUGGUCGAAGCCACUUGGAAUAAGACCGGCGUGCGCUUGUCUAUAUGUUACUUCCACCACAUUGC
CGUCUUUUGGCAAUGUGAGGGCCCGGAACCUGGCCCUGUCUUCUUGACGAACAUUCCUAGGGGACUU
UCCCCUCUCGCCAAAGGAAUGUAAGGUCUGUUGARUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUU
CUUGAAGACAAACAGCGUCUGUAGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGUAACAGGUG
CCUCUGCGGCCGAAAGCCACGUGUAUAAGAUACACCUGCAAAGGCGGCACAACCCCAGUGCCACGUY
GUGCGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUUUCCCCAAGCGUAUUCAACARAGGGGCUGAAGG
AUGCCCAGAAGGUACCCCACUGGUUGGGAUCUGAUCUGGGGCCUCGGUGCAGGUGCUUUACACCUGU
UGAGUCGAGGUUAARAAACGUCUAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUAGAAAACCACU
AUGACARU

EMCVI-AnrB-
3741

o

CUCUCUCUUUGACCCUGGCUACUGGGGUUCAGUAGCAUCUUUCUUUUUCUUACUAUACUUUACUUUC
GACUUCUUUCUUUACUUAUUCUUUACUUUUCUAUCUUCUUUUAUAUCUUAACUUUACUUAUUCARAC
UUUUCUAUUUCUUUCUUUAUUUUCUUAUGUAACUCUUCUUUUUAAGUUUUAUUUUGCCUACUUGUGA
GCUUAUGCGGGACCACUGUCUUAGACAACCCCACAUUUGUCAUGAGUAAGUACACGCAACCAUUACG
AUUACUUUUUAACCGUCUGACCUUUUGAUAACAACUGAAGUUAGGCGUGAARACAUGCAUUUAUACCA
AAGUAGCCCCGCAUUUCCCCACUACGGUGGGGGGGCUACCCUACUGGCUUUGGAACUGUAGCCAUUA
UGUGUUGCCUGGCUUUCAGGAUCUCACAACACAACAGUUCUCUCACAAUGGAAUAUGGGUGAGAUUG
CAGUGACAUGAACAAGUAUCUAGUAGUACAUAGACUCAAGCCUAGUUGCCUGCGGAACAACAUGUGG
UAACACAUGCCCCAGGGUCCAARAGACAAGGGUUAACAGCCCCUUCUAGGUGUCUGUGUGUGAAGAA
UACUUUAGUAGUGUUGUUAUGAUCUCACCUGUUAGUACAGAAUGAGUAUGGCUUGGUGAAGGAUGUC
CUACAGGUACCCAUUAUAUGGAUCUGAGUAGGAGACCACUAGUGGUGGCUUUACCGCCAGGUGAGUG
GUUUAARAAGCGUCUAGCCAAGCCAACAGCACUAGGGAUAGUGCUUUCUAUAUUUUAUAUUUUCAGU
GUAUAUGGUGACAA

Malagasiviru
s-B-
Lesavirus-2

w0

CCCCUUUACGUAACUGCAACUUAAAGAGUACCCUACUGCAUUGGAUGUGUGGUAAACUUUUACGCAC
ACAUUUGUAGUAGUGUUAGUUAUGUUCUACCUAAUGAGUAUGCAUGCACCCGUCGAAACACGCUUGU
GAUAAGAUAGGUGAGUCCAUGUGACUAAUCUCAUUAAGAUAAAUAAGCACCCUACAACGCACGGCAC
GCUCGUGUCUUCCGUGCGGGGCCGGGACAACAGCGGCCUAAAUCUUCUAGGUGACCACCAUGCUUUU
GGGACUAUGGCACCACUGUGGACGUGAGUACCUGGCAGUAAGUCUGUGAAAAGAUGGAAGGUGUCCC
AAGCUAUGGGGCGUAUGCAUAUAGCCUGCGGAACAAACAACGGCGACGUUGUCCCCAGGGCCCARAAA
GGCACGUGGAUAAGAUCCACCUAUAUGUUUACCCCAUAGUGUAAGUCACUGGAAGUCCUAGURAUGG
AUGUCUGGAGUAAGGCUCACGGGGUAGGGCGAAGGAUGCCCAGAAGGUACCCGUAGGUAACCUUAAG
AGACUAUGGAUCUGAUCUGGGGACCGGAUGGCGCCAUCACCAUGACGUGGAGGCCGGUUUAARARAAC
GUCUAAGCCCGACCAACAACCUAGGGGACUAGGUUUUCCUUUUUUAUUCAUGUAUGACGUU

Tottorivirus

UUUCGACCGCCUUAUGGCAGGCGGGCUUGUGGACGGCUUCGGCCCACCCACAGCAAGARUGCCAUCA
UCUGUCCUCACCCCCAUUUCUCCCCUCCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGA
GUGGUGCACGUGUUGAARCAAACAGCUACACUCACGUGGGGGCGGGUUUUCCCGCLCUUCGGLLuCUC
GCGAGGCCCACCCUUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCC
GCGGAAGCUGCUCGCGUGGCAACUGUGGGGACCCAGACAGGUUAUCRAAAGGCACCCGGUCUUUCCGL
CUCCAGGAGUAUCCCUGCUAGUGAAUUCUAGUGGGGCUCUGCUUGGUGCCAACCUCCCCCAARAUGCG
CGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUC
UGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGCAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCC
GGCUUGUCCGGCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGG
UGACAACUCAAGACCACCCAGGRAUGCCAGGGAGGUACCCCGCCUCACGGCGGGAUCUGACCCUGGG
CUAAUUGUCUACGGUGGUUCUUCUUGCUUCCAUUUCUUUCUUCUGUUC

Salivirus-A-
02394-A105-
675

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCCCCAACCUCGARACUUAGARGUARAGCAAACCCGAUCAAU
AGCAGGUGCGGCGCACCAGUCGCAUCUUGAUCAAGCACUUCUGUAACCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCUAACUACUUCGAGAAACCCAGUAGCA
UCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCCGUGUAGAUCAGGCCGAUGAGUCACCGCA
CUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCARCCCAUAGGACGL
UCUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGEGL
UAARUCCUAACUGCGGAGCACAUACCCUUAAUCCARAGGGCAGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAAUUUUUACUGGCUGCUUAUGGUGACAAUUG
AGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUUGUGUUCCAAUU
UGUUGGAUUUACCCCGCUCACACUCACAGUCGUAAGAACCCUUCAUUACGUGUUAUUUCUCAACUCA
AGAAA

CVA3-A115-
675

O

UCACCCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUUCGGAACCUGUU
CGGAGGAAUUAAACGGGCACCCAUACACCCCCAUCCCCUUUCUGCARCUUAAGUAUGUGUGCUCGUG
AUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACARACUGCUAGAUCCACAUCCUCCLCUUCC
CCUGGGAGGACCUUGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGCCC
CCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUU
AAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCG
GCCGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUACCUGA
GAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCLCGUCU
UCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAGGUCCAUGUGCCAACGCCCUGUGCGGGAUGAAA

Kobuvirus-
16317
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CCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCCCCGGGUGGGAUCUGAGCCUGGGCUAAUU
GUCUACGGGUAGUUUCAUUUCCAAUUCUUUUAUGUCGGAGUC

UCACCCUCUUUCCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUUCGGAACCUGUU
CGGAGGAAUUAAACGGGCACCCAUACAUCCCCAUCCCCUUUCUGUAACUUAAGUAUGUGUGCUUGUA
AUCUUGACUCCCACGGARAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCCUUCE
CCUGGGAGGACCUUGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGCCC
CCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUU
AAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCG
GCCGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUAUCUGA
GAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCY
CCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAGGUUCAUGUGCCAACGCCCUGUGCGGGAUGARAA
UCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCCUCGGGUGGGAUCUGAGCCUGGGCUARUU
GUCUACGGGUAGUUUCAUUUCCAAUCCUUUUAUGUCGGAGUC

Aichivirus-
Chshc7

O

GGCUUCGGCCCCCUCACCLCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUC
UUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCAUACACCCCCAUCCCCUUUUUUGCAACUUAAG
UAUGUGUGCUCGUARAUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACARACUGCUAGAUCC
ACAUCCUCCCUCCCCCCUGGGAGGACCUCGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUAUCACA
GGCUGUGUGAAGCCCCCGCGAAAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUCAAGACACC
AGGUCUUUCCUCCUUAAGGCUAGUCCCGAUGUGUGAAUUCACAUCGGGCARCUAGUGGUGUCACUGU
GCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCCLCUGGCCCUUCACUAUGUGCCU
GGCAAGCAUAUCUGAGAAGGCGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGU
AACCUUCUUCCGUCCCCGGACGGUAGUGAUUGGUUAAGACUUGGCGUAAGGUUCAUGUGCCAACGCC
CUGUGCGGGAUGAAACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCUUCGGGUGGGAUCU
GAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCUAAUUCUUUCAUGUCGGAGUC

Aichivirus-
Goiania

o)

ACCCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUULCGGAACCUGUUCG
GAGGAAUUAAACGGGCACCCAUACACCCCCACCCCCUUUUUGCAACUUAAGUAUGUGUGCUCGUGAU
CUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCCUUCCCU
UGGGAGGACCUCGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGLCCCCC
GCGAAAGCCGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUUAAGACACCAGGUCUUUCCUCCUUAA
GGCUAGUCCCGAUGUGUGARAUUCACAUUGGGCARACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGC
CGCGGAGUGCUGUUCCCCAAGCCARACCCCUGGCCCUUCACUAUGUGCCUGGCARGCAUAUCUGAGA
AGGUGUUCCGCUGUGGCUGCCAGCCUGGUAARCAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUUC
GGACGGUAGUGAUUGGUUAAGAUUUGGCGUAAGGUUCAUGUGCCAACGCCCUGUGCGGGAUGAAACC
UCUACUACCCUAGGAAUGCCAGGCAGGUACCCCACCCUCGGGUGGGAUCUGAGCCUGGGCUAAUUGU
CUACGGGUAGUUUCAUUUCCAAUUCUUCUAUGUCGGAGUC

Aichivirus-
ETHP4

e

GUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGARUUARACGGGCACCCAUACACCCCCACCC
CCUUUUCUGCAACUUAAGUAUGUGUGCUCGUAAUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGA
GAACAARCUGCUAGAUCCACAUCCUCCCUUCCCCUGGGAGGACCCCGGUCCUCCCACAUCLCUCCCCC
CAGCCUGACGUAUCACAGGCUGUGUGAAGUCCCCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCC
CCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCA
ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCLCCUGG
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGARGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCC
ACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCAAUUCUUUUAUGU
CGGAGUC

Alchivirus-
DVI2169

e}

GGGUGGGGGGGUGUCGGCCCCCUCACCCUCUUUUCCGEGUGGUCUGGACCCGGACCACCGUUACUCCA
UUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCACUUUCLCUGUCCUCUCCCCUUUU
CUGUAACUCCAAGUGUGUGCUCGUAAUCUUGACUCCCGCGGAUUGACCGCUCCGCUGGUGAACARAC
UGCUAGGUCAUCUCCUCCCCACCCUUGGGCGUCCUUCCGGGCGUCCACACCCUCCCCCCAGCCUGAL
GUGUCACAGGCUGUACAAAGACCCCGCGAAAGCUGCUAACGUGGCAAUUGUGGGUCCCCCCUUUGUA
AAGGAACCGAGUCUUUCUCCCUUAAGGCUAGACCCCUGUGUGAAUUCACAGGUGGCAACUAGUGGUU
CCACUGCAUGCUCCCGACCUCGGCCGCGGAGUGCUGUUCCCCAAGUCGUAACACUGACCUUCACUUA
UGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUGLCCCA
GUGUGCGUAGUCUUCUUCCGUCUUCGGACGGUAGGUGUUAGGUAAAGAUGCGGCGUAAGGUUCAAGU
GCCAACGCCCUGGAAGGGAUGACCCUUCUACUGCCCUAGGAAUGCCGCGCAGGUACCCCAGGUUCGT
CUGGGAUCUGAGCGCGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCUCUUCUUCCACUGGCAUC

Aichivirus-
rat08

(@}

GGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGACCCGGACCACCGUUACUCCA
UUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCACUUUCCUGUCCUCUCCCCCUUU
CUGCAACUCARAGUGUGUGCUCGUARUCCUGACUCCCACGGGUUGACCGCCCCGUUGGUGAACRAACA
GCUAGGUCAUUCCCUCCCUACCCCUGGGCGCCAUUUCAGUGGCGUUCAUAUCCUCCCCCCAGCCUGA
CGUGUCACAGGCUGUGCARAGUCCCCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUUGU
GAAGGAACCGAGUCUUUCUCCCUURAGGCUAGACCCCUGUGUGAACUCACAGGUGGCAACUAGUGGU
UCCACUGCAUGCUCCCGACCUCGGCCGCGGAGUGCUGUUCCCCAAGUCGUGACACUGACCUCCACUU
AUGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUGCCCC
AGUGCGUGUAGUCUUCUUCCGUCUCCGGACGGUAAGUGUGUGGUAAAGAUGCGGCGUAAGGUUCAAG
UGCCAACGCCCUGGAAGGGAUGACCCUUCUACUGCCCUAGGAAUGCCGCGCAGGUACCCCAGGUUCG
CCUGGGAUCUGAGCGCGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCUCUCUUUUCACUGGCAUC

Aichivirus-
Rt386
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UUUGAAAAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGCCAUUCGCCCGGGCCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACACAACAGGGCUUCCCAUCCCUGUUY
ACCCUUUAUUCCAUCAUCCUUUCCCCAAGUUUACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UUUUGACCUCAGAAUGCCUAUUUGACCUCCCACUCGCCUCUCCCUUUUCGGAUUGCCGGUGGUGCCU
GGCGGARAAAGCACAAGUGUGUUGCAGGCUACCAAACUCCUACCCGACAAAGGUGCGUGUCCGCGUG
CUGAGUAAUGGGAUAGGAGAUGCCUACAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCACGGGCAUAGCAUUGCUCACCCGUGAAUCAAGUCAUCGAGAUUUCUCUGACL
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAAAGUCAGUUGACAAGACAC

Porcine-
Kobuvirus-
GS2

o

UUUCACACCCUCUUUUCCGGUGGUCCGGACCCAGACCACCGUUACUCCAUUCAGCUACUUCGGUACC
UGUUCGGAGGAAUURAACGGGCACCCUACCCAAGGGUUACAUGGGACCAUAUUCCUCCUCCCCUGUA
ACUUUAAGUUUUGUGCCCGUAUUCUUGACUCCAGGCGGAUGUUGUGUCGCCCGUCCUGUGAACAAAC
AGCUAGACACUUUCCUCCCCUCCCUCUGGGCUGCUCCGGCAGUCCACUCCCUCCLCCCCAGCGUAACA
UGCCCCGCUGGAGUGAUGCACCUGGAAGUCGUGGACGUGGGUUAGUAACUUCGGUGAAAACCCACUA
UAAUGACAACUGGUUGACCCCCACACUCAAAGGACUCGAGUCUUUCUCCCUUAAGGCUAGCCCGGCC
ACAUGAAUUUGCAGCUGGCAACUAGUGAGUCCACCAUGUCCCGCAACCUCGGCUGCGGAGUGLCUGUU
CCCCAAGCGUAUGCCUUCCUUCUGUAAGAGUGCGCCUGGCAAGCACAUCUGAGAAGUCGUUCCGCUG
CGUCGUGCCAACCUGGCGACAGGUGACCCAGUGUGCGUAGACUUCUUCCGGAUUCGUCCGGCUCUUC
UCUAGGAAACAUGCGUGUAAGGUUCAUGUGCCAAAGCCCUGCGCGCGGUGUUCUUCUACUGCCCUAG
GARUGUGCCGCAGGUACCCCUACUUCGGUAGGGAUCUGAGCGGUAGCURAUUGUCUACGGGUAGUUU
CAUUUCCAUCUUCUCUUCAGGUCGACAUC

Kobuvirus-
SZAL6-
aichivirusAS

o

UUUGAAAAGGGGGUGGGGGGGCUUCGGCCCCCUCACCCUCUUUUCCGEGCGGCGCAAGUUCGCGUCGU
CGUAAGCCUGGACACCCAUGUUCGCAUCGGUCUCCGGGCAAAUACARGAACCCCAGACCUUCUGGUA
CUUCUUCGCCUGGGUCACAAAAGCGAAGAACCUGCCUCUCUAACGCCAGACGAGCGGCAUUARACUY
GAACUUCUGGCACUCUCCACUCUCCCUUUUCCCUGUCCCUUUCCCCACUGCGCUCUCAAGGUCGCGC
AAUCCUGGGACUAGCCCAGUUUUAAAAGUUCCUGGCACCCUUUGCCCCUCUAGGCCCUUAAGGUAGG
AACUGACCUUGUGCUGUGAUCUCGGUGCGGGAGUGCUACCACGUAGUCAUCGUAAGCCUCGUUUCUG
GUUCUGCCCUGGCAAGGCUACAGAGUACCGUGUUCCGCUGUGGAUGCCAUCCGGGUAACCGGACCCC
CAGUGUGUGUAGCGGUAUGUUCACGGUCCGLCCGUGUUCACCAGAUUCCUGACCUGGCUUUGCUAGAA
AUGGUGUGUGCCCAAUCCCUGUGACCAGUAUCAAUUACAUCACCUAGGAAUGCUAGGAAGGUACCCC
AGUCCUGAGCUGGGAUCUGAUCCUAGGCUAAUUGUCUACGGUGAUGCUCCUUUUAUUUUCUUACAAC
UGCUAUUGACUGUCUGAUUGCUGAUUCUGCUCUUGUGCUCUUCUGCUCUGGCUCAUUCUCAAGGGUU
CUCUUUGUCCAAGAUCCUUUGGUUCUCUCCUUGUUCCACUUGCCACUGCCAACGCUUGUC

Kobuvirus-
sheep-TB3

GACAGGUGUUUUGGAGGGCGGAUGACGAUAUCUGGCUGGCCACCAGGGARUAACGGCARAUGUCUGA
UCAUACGGUUCACAAGUCUACCGGCGAUAGUGGUUCAACACCAUGUGUAGCAGGGAUUCUUGCGUAU
GUGAAGGCGACAGUGC

Bat-
sapelovirus

GO N O N

GARAAGGGGGUGGUAGGGGCCGUACGGUCAUGCCGUGCGGUUCCGCCACCCCUAGGGGGCCACACGGU
CCUGCCGBUGUGGUUCCCGCUGGUUGUACAGUGACGCAUUGGGGGCCGUACGGUCCUGCCGUGLGGUU
UCCUUUGCUUGCUGUGCAAUCGGGGAUGACACCCCCUUUCAACGUGGGUACUACGAAAGUGCCCCUC
GCUCCGAGGUUAAAGGAGAACCCCCCCUUCUUACCCCCACUCAGCULCGCCCUUCAGUGCGGGCGCUA
GCCUUUCCACUUGCAGCUUCUGCUUGUAGAUGCUUGCACCGUGAUUGGUGCGCUUCUUGCUUUAGUC
GCUUGUGCUUCUAUCGUUCUGACGAUUCAGUUUCCUAACGCCAGUGUUUCGACGGCCCAAGGGGGUA
GUUGCGGUUAGUAUUCCUACCGCAAUUAUCCCUUUCCCCGUUCGUAGCUGGUUUGGAUCUUGGAUCU
CUCUCCUUCCUUCCLCCCGUCUUCAAUUUAGCUUCGUGAUUGAAGCAUCUCACUGUCUCUAGUAUUUA
UGUCGGACUGACGAUUGAGUACGUUCAGAUUGUGUUUGGGAGGCCCAAGGGAUCGAUGGACAACACU
UCGAAAGAGUCACUUGUCCACCGCUCCUUUCCCCUACCCUAGCAACUCUGGAUUUGCUCACGUGGAG
UUCGAGGUCUGUACUUUAACUCUGACUUGCUUUUCUUACCUUGCUAUCUUGCUGACGUGGAUUGGUU
GUAGACUGAUUCACGUUCUCGUUAGAUGCUGACGUGGAGUACGAUCGCUGUACAUUCCACUACUGCC
AAUUAGCUCCCCCUUCCCGUUGCUCCCCUCUAUAAGGAGAGCCUUCUCUUGCAAAGGUGAAGCCUUC
ACCCCCGGUCGAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCUCCUCUCCUCGGCGCUUGCCUCUUC
UAAGCUGAAUAGGUUCUAUCUAUUCAGGCGGAUGGUCUGGUCCGUUCCUUCUUGGACAGAGUGUGUA
UCUGGGUUUUCCGGAUCUCGACCACACACUCACCAGAGCUCAGGAGUGAUUAAGUCAAGGCCCGAUC
UGCGGCGAAARAGGARAUGAAGUAUUUUGCAGCUGUAGCGACCUCUCAAGGCCAGCGGAUUUCCCCAC
CUGGUGACAGGUGCCUCUGGGGCCARAAGCCACGUGUURAUAGCACCCUUGAGAGCGGUGGUACCCC
ACCACCCUGCAAAUUAUGGAUUUGACUUAGUAACUAAAAGAUUGACUUGGCAUACCUCAACCUGAGC
GGCGGCUAAGGAUGCCCUGAAGGUACCCGUGUUGRARUCGCUUCGGCGACCAUGGAUCUGAUCAGGG
GCCCUGCCUGGAGUGGUUCUAUCCCACACAGCGUAGGGUUARAAAACGUCUAACCGCCCCACAARGA
CCCCGGCAGGGAUGCCGGUUUCCUUUUUACCAAUUCUUGACACU

Bovine-
cardiovirus-
1

UUGGAUCUGAGCAGGGGCCCCCUUUGGGUUGCUUUACAACUCAACUGGGGGUUARAARACGUCUAAC
CCGACACGCCAGAGGGAUCUGGUUUCCUUUUAUUUCUUUUACUCACCACUGGAUGCAGAUUGACGAU
AAACGUUGUUGUUUGUGACUAUUGACUUGAUCUGCUUCUACGGGUUUACUUUCACUGUUAUACUUCU
UGCUUUGUUUGGUGUUCACUGUACUUUGUCUCCUUCUACAUUUCACA

Bovine-
picornavirus
-isolate-
TCH6

UUUAAGUGUUGUGCCCAAUCUCUUGACUCCUGCUGGAACCACCGACCAGUAGUGUCCAAAAUGCCAG
GUGGAARAUCCUCCLCUUCCCCUCUGGGCUUCAUGCCCGGCAUCCUCCCCCCAGCCUGACGUGCCACA
GGCUGUGCAARAGACCCCGCGAAAGCUGCCARAAGUGGCAAUUGUGGGUCCCCCCUUUGUCAAGGCGU
CGAGUCUUUCUCCCUUAAGGCUAGUCCUGUCAGUGAACUCUGUCGGGCAACUAGUGACGCCACUGCA
UGCCUCCGACCUCGGCCGCGGAGUGCUGCCCCCCAAGUCAUGCCCCUGACCACAAGUUGUGCUGUCU
GGCAAACAUUGUCUGUGAGAAUGUUCCGCUGUGGCUGCCAAGCCUGGUAACAGGCUGCCCCAGUGUG
CGUAAUUCUCAUCCAGACUUCGGUCUGGCARCUUGCUGUUAAGACAUGGCGUAAGGGGCGUGUGCCA

Canine-
kobuvirus
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ACGCCCUGGAACGAGUGUCCACUCUARAUACCCCGAGGAAUGCUACGCAGGUACCCCUGGCUCGCCAG
GGAUCUGAGCGUAGGCUAAUUGUCUAAGGGUAUUUUCAUUUCCCACCCUCUUCUUCUUGUUCAUA

UURAAAUAGCCUGAGGGUUGUUCCCACCCACAGGGCCCACGUGGCGCAGUACUCUGGUAUCACGGUA
CCUUUGCACGCCUAUUUUAUACCCCUUCCCCAUCGUAACUUAGAAGCAACAAACRAACUGCCCARAUA
GCAGCACAACACCCAGUUGUGUUAGGGGCAAGCACUUCUGUUUCCCCGGAAGGGUCUGACGGUAUGL
UGUACCCACGGCAGAAGUAUGACCUACCGUUAACCGGCCAUGUACUUCGAGAAGCCUAGUACCAUUA
UGAAGGUUGAUUGAUGUUACGCUCCCCAGCAACCCCAGCUGGUAGUUCUGGUCGAUGAGUCUCGGCA
UUCCCCACGGGCGACCGUGGCCGAGGCUGCGUUGGCGGCCAGCCUACACCAUACGGUGUAGGACGUC
AAGAUACUGACAUGGUGUGAAGAGCCUAUUGAGCUACGUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUCCGGAGCAUCCGCCAGUAAGCCCACUGGAAGGGUGUCGUAAUGCGAARGUCUGGAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACUUAUUGUUUGGCUGCUUAUGGUGACRAC
UUAUAGUUAUCAUCAUAAGCUACUUGGUCUUGCCAACCGGAGAAUUAUUUGGUUATUUGUUGGUUUC
AUAAACCUACAGUCGUAUUUUCCUGUCUUAUUAAUUGUUCUCAAAAUUAACAACA

Enterovirus-
sp-isclate-
CPML

UUAAAACAGCCUGGGGGUUGUUCCCACCCCCGGGGCCCACGUGGCGCCAGUACUCUGGCACGUUAGU
GCCCUUGUACGCCUGUUUUCCCCUCCUUAAACAAARUUAAGAUUGCCACUACUGAGGGGAGUAGUCCG
ACUCCGCUCCAGUACCGCUGCACCAGUGAGCUGGUACGCUAGUACCUUCGCACGGAGUAGAUGGCAU
CCCCCACCCCGUAACUUAGAAGCAAAGUACACAUCUGGCCAAUAGUGGCGCUGCAUCCAGCCGCGCA
ACGGUCAAGCACUUCUGUUUCCCCGGUCCGCARGGGUCGUUAUCCGCCCAGUCCACUACGGARAGCC
UACUAACCAUUGAAGCUAUCGAGAGGUUGCGCUCGGCCACGACCCCGGUGGUAGCUCUGAGUGAUGG
GGCUCGCAAACACCCCCGUGGUAACACGGAUGCUUGCCCGCGCGUGCACUCGGGUUCAGCCUATUGG
UUGUUCACCUCAACAUAGUGUAAAUGGCCAAGAGCCUACUGUGCUGGAUUGGUUUUCCUCCGGAGCC
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGU
AAGUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCUUUUGUUUUAUUUUGAAUUUUAUGG
UGACAAUUGCUGAGAUUUGCGAAUUAGCGACUCUACCGCUGAACAUUGCCCUGUACUACCUAAUCGC
AUUUCACAAAACCUCAGAGAUACCAAGCUCUUACAUUGAUCUGCUUGUUUUCCUGAARUCUCARAUAU
AAAUUGGAACAAGCARAA

Enterovirus-
AN12-F7

=

UUAAAACUGGGUGUGGGUUGUUCCCACCCACACCACCCAAUGGGUGUUGUACUCUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUUCCCUCCCCUCCCCAUCCUUUUACGUAACUUAGAAGUUUUAAAUACAAG
ACCAAUAGUAGGCAACUCUCCAGGUUGUCUAAGGUCAAGCACUUCUGUUUCCCCGGUUGAUGUUGAU
AUGCUCCAACAGGGCAAAARACARCAGAUACCGUUAUCCGCARAGUGCCUACACAGAGCUUAGUAGGA
UUCUGAAAGAUCUUUGGUUGGUCGUUCAGCUGCAUACCCAGCAGUAGACCUUGCAGAUGAGGCUGGA
CAUUCCCCACUGGUAACAGUGGUCCAGCCUGCGUGGCUGCCUGCGCACCUCUCAUGAGGUGUGAAGC
CAAAGAUCGGACAGGGUGUGAAGAGCCGCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGCGGC
UAACCUUARACCUGCAGCCAUGGCUCAUAAGCCARUGAGUUUAUGGUCGUAACGAGUAAUUGCGGGA
UGGGACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUAUUAAUUGCUUAUGGUGACAAUAU
AUAUAUUGAUAUAUAUUGGCAUC

Human-
rhinovirus-1

ACCUGCGACAGUGCCAACCCACAUCUCUUCCCACUAUUAUUAUUCCGGUUCCCGCCUUAGGUCCAUU
GARAAGACCAAACAUGUCAUCCCUUGGAUGCUGGCUAAUCAGAGGARAGUCAGCAUUUUCCGGCCCA
GGCUAAGAGAAACAUAUAAGUUAGAAAUGAUUCUAAUCCCUUGACGAAUUCGGARCGAGAAGUUCUC
CCUCCCUUGCCGCUUGUUCACACCCAUCAUUUAAUUCGGCCCUUUGUGACAAGCLCCUCGGUGARAG
GACCUCUCUCUUUCCGACGUGGUUGGAAUUAACAUCUUUUCCGACGAAAGUGCUAUUAUGCCUCCCC
GAUUGUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCGUCCUCGGGUUGAGARACCUUGAAUCUUUUCC
UUUGGAGCCUUGGCUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCCAAACUCUUUA
UUUCUACUUUCAUGGGUUCUAUCCAUGAAARGGGUAUGUGUUGCCCCUUCCUUCUUUGGAGAAUCUG
CGCGGCGGUCUUUCCGUCUCUCAACAGGCGUGGAUGCAACAUGCCGGAAACGGUGAAGAAAACAGUU
UUCUGUGGAAAUUUAGAGUGGACAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGAUUCCCCU
CUUGGCGACAAGAGCCUCUGCGGCCAARAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAAC
CCCAGCACCCUGGUUCGAUGGCCAUUCUCUAUGGRACCAGAAAAUGGUUUUCUCAAGCCCUCCGGUA
GAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGCGCGGGAUCUGAUCAGGAGACCAAUUGGCAGUGC
UUUACGCUGCCACUUUGGUUUAAAAACUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCCAA
UUUUGUUGACUGACAAU

Human-TMEV-
like-
cardiovirus

=

UUGAARARGGGUGUGGGGGGGGAUACCCUCCCCCUCCACACUCUUUUCGACGGCGCGCCUCGGCARGG
CCGCCGAUACCGCACUGUGCUACUUCGGUACCACUCUGCGGGAAUGACAAUAUGCCCGGUGUAUAGU
UUGCCUGUUUCUCGCACCGUUACCGCUCGUUCGGGAAUGUGAAACUGGCACCCCUCCUCUCCCCUAL
CACCCUUUCUCCUUCGCCCCCAUUCAUAAUUUACAACGCCGCACACAGCGGCGGLCCGCCAAGGGCUA
GCCUGGCGGUUAUAAAAGGAACCUGGGUCUUUCCCUCUUCAAGCCARAAGGUAGGUUCCCUGUGUCC
CUGAAUGCUCGGUGAGGAAUGCUGCACCGUAACGCUUUGUGAAGUGUUUGCAAGUUCUGGCCCGGCA
AGCCUACAGAGUGCUGUGAUCCGCUGCGGACGCCAUCCUGGUAACAGGACCCCCAGUGUGCGCAACA
GUAUGUUCAGACUUCGGUUUGUUCACUUGCUUUCAUGGACCAUUGCGCGAAAGUGCGUGCGCCAUAU
CCCUGUACUUCAGGUGUGCUUCUCUGGACCCUAGGAAUGCUGCGAAGGUACCCCGUUUCGGCGGGAU
CUGAUCGCAGGCUARUUGUCUAUGGGUUCAGUUUCCUUUUUCUUUACUCCACAAUUGACUGCUUARAC
UGACUCUGGAUCUUGUGCUUCCACUGCUCUUUCUGCUCUCAARACGGCUUCACUUACCAACUCUCAC
CUUUCGACCAACACCAUUUACACACUAACUUUUUUCGACUCUUCUGACUCCUGGCUUGGUGAAGAC

Kagoshima-2-
24-KoV

i

CUCUCUUUGACCCUGGCCACUGGGGUUCAGUGGCACUACAUCUCUCUCUCUUCUUUAUCUAUAUCGU
UUCUUUACUUUACUUUACUUUACUAUAUUUCUUACUUUACUAUAUUUCUUACUUUACUUAUCUAUAU
AUAUCUAAUCUUUACUAUCUUUUCUAACUUUAUUUUCUUAUUUCUUAUCUUUAUUCUUUUGUAACUA
AUAAGCAAGUUUUACUGCCUGCAAACUGCUUCAAUGGGACCACCGCUUCGGCGACCCCUUUGUUGAG
UUUGUAUGUUUUUAAGUAAUCUUUGCAACCAUACGAUUAUUUUAGCCGCCUCUCUAUAAUGAUCUUG
UUAUAGUGGGACGUGAAACAUUGGUUUUUCUCACACACGUCCGGUCACCCGGGCGUGUGUUCUUCCG

Lesavirus-1
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UAAGUCCUAUCCACAUACCAUCGUGGGUAGGCCAGCAUGUUUGCACAGGCUGUGACAGUGUGGGUGG
GCUUUCCACCUCUCAACAACACACUGAAUUGCAAUGCACUCACGGAGGAARUGACAAUUUGGUUAUA
GUUUUGAACUGUGCUAGUAAUUUCUUUCACAUUAAGCCAUGUUGCCUGCGGAAUCACAUGUGGURAC
ACAUGCCUCAGGGCCCAAAAGGCACGGGUUAGCAGCCCCUUCAUGGUGUGUUAGAAGUGAAAACACA
UAGUAUGAGCUAUAAUAUCUUUGUUGUCUUCUCUGUAGUGUACCCCGCCARAUGUAAGGAUGCCCAG
CAGGUACCCAUUUUAUGGAUCUGAGCUGGGGAUUGAUAGUGUAUCUAUAAAUGCACUGAUCAAUUUA
AAAAGCGUCUAAGUUUGGCACAAACACUGGGGACAGUGUUUUUCCUUUAUUCUUUUAUUUGAUUA

=

ACACUCAUUUCCCCCCUCCACCCUUAAGGUGGUUGUAUCCCCUACACCCUACCCUCCCUUCCACAUA
GGACGAAUAAACGGACUUGAGAUUAAGGCAAGUACAUAAGGUAUGGUUUUUGGAUACACUUARAUGG
CAGUAGCGUGGCGAGCUAUGGAAAAAUCGCAAUUGUCGAUAGCCAUGUUAGCGACGCGCUUCGGCGU
GCUCCUUUGGUGAUUCGGCGACUGGUUACAGGAGAGUAGACAGUGAGCUAUGGGCAAACCCCUACAG
UAUUACUUAGGGGARUGUGCAAUUGAGACUUGACGAGCGUCUCUUUGAGAUGUGGCGCAUGCUCUUG
GCAUUACCAUAGUGAGCUUCCAGGUUGGGARACCUGGACUGGGUCUAUACUGCCUGAUAGGGUCGCG
GCUGGCCGCCUGUAACUAGUAUAGUCAGUUGAAAACCCCCC

Porcine-
sapelovirus

[

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCUUA
CCUCGGUAUUACGGUACCGAUGUAUAUAGUACCUUUGUACGCCUGUUUUAUAUCCCUCCCCCACAUG
UAACCUUAGAAGUUUACACAAACAAAGACCAAUAGGAGUCCAACACCCAGUUGGAUUGCGGUCAAGC
ACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGARCCCGUCCGUUAY
CCGGCUACCUACUUCGGGAAGCCUAGUAACAUUCUGAAGUCUCUGAGGCGUUUCGCUCAGCALGACT
CCGGUGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGCGUUGGT
GGCCCGCCUAUGGCGAAAGCCAUAGGACGCCUCUUAGAUGACAGGGUGUGAAGAGCCUACUGAGCUG
GGUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCAGCAAUCCAGCU
GGCAGGGCGUCGUAACGGGCAACUCUGUGGLCGGAACCGACUACUUUGGGUGUCCGEUGUUUCCUUUUG
AUCCUAUUUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUARAGCUCUUGGGUUGGCCACCU
GGAAAAAGUUAUCAGUGUUUGAUAUUGUUCGGCUCUCACGCCUACCAAUAAGACAAGCCCUAUAUUU
ACUUGUUGCAUUUUACUCGUCAGAAGAAAUCACAGAGUAUCAUUUGGAUUUGUUACUCACAUUAAGG
ACAAG

Porcine-
enterovirus-
9

UUGAAAGAAACUCCGGGUAUUAACCAUACCCGGAGUUUUGGCAGGGUGUUCCAACCUGUCCUGGCCA
UGCAUUUAUCUACGGAUAUUUGCAUGACCCGCUUUCUAUCGCCCCAACRAUCCCCUUUGUAACCACA
AGCUUUACUCAGGCUAGCAGCCCGACUAGCUGUUUGGAAGARAAGGCUAGGGCACACACCAACAACA
CCGACCCCACUGGUCGRAGGCCGCUUGGCAAUAAGACUGGUGGAACAGGGUCGCCUGUAGUUGUUUG
GAACAUUCUUUCUAAUGACUUUGUCAGCGGUGCUACUCACACCGUAACUCUUCUACCCUAUCCCCAC
GCUUGUGGAACUAGGAGGGGAUGAGUGAUUCAAGUAAGUACUGUCAGAAUGGUGAAARUGAUCUGAU
UCUGAAACGCUAUGGAUCCAUCGAAAGAUGGGGCUACACGCCUGCGGAACAACACAUGGUAACAUGU
GCCCCAGGGGCCGAARAGCCACGGUGAUAGGAUCACCCGUGUAGUUUGAGAUCAUAUCAAUGUUCAUA
GUCUAGUAAGAUGAUUUGAAAUCUAACUGAGCUGAUGGCUAACUGCUUGUCUUAUUGCGGCCUAAGG
AUGUCCUGCAGGUACCUUUAGAUAACCUUAAGAGACUAUUGAUCUGAGCAGGAGCCAAAGUGGUCUU
UCCCAGCUUUGGUUAARARACGUCUARAGCCGCGGCAGGGGGCGGGAGGCCCCCUUUCCUCCCAARAC
UUAAUAUUGAUUGU

Rabovirus-A

UUUARACAGUCUGGGGGUUGUUCCCACCCCUGGGGCCCACGUGGCGCUAGCACUCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUCCCCACCCUUAAAUARAUUAAGAUUACCACUACCGAGGGGAGUAGUCC
GACUCCGCUCCGGCACAGCCGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGGGUAGUCGGUA
UCCCCCCCCGUAACUUAGAAGCAUGUAACAAACCGACCAAUAGGUGCGCGGCAGCCAGCUGCGUUGC
GGUCAAGCACUUCUGUCUCCCCGGUCCGCARGGAUCGUUACCCGCCCACUCCACUACGAGGAGCCUA
GUAACUGGCCAAGUGAUUGCGGAGUUGCGUUCAGCCACAACCCCAGUGGUAGCUCUGGAAGAUGGGG
CUCGCACAUCCCCCGUGGUAACACGGUUGCUUGCCCGCGUGUGCUUCCGGGUUCAGUCUCCGACUGU
UCACUUCAACAUCACGCAACCAGCCAAGAGCCGAUUGUGCUGGAGUGGUCUUCCUCCGGGGCCGUGA
AUGCUGCUAAUCCUAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUAAGU
UGGAGGCGGAACAGACUACUUUCGGCACCCCGUGUUUCCUUUAUUUUAUUCUUAUUUUAUGGUGACA
AUUGCAGAGAUUUGUGAUAUUGCGACUUUACCGUUAAACAUAGCACUGCAUUACCUGGUUGCAUUCC
ACAAAACUUCAGAGAUUCCUAGUUCCUACAUUGACCUACUUGUUUAUUUGAAUCUUAAAUACAAACU
UGAGCAAGUGAA

Yak-
enterovirus

CCCCUAGGAUCCACUGGAUGUCAGUACACUGGUAUCGUGGUACCUUUGUACGCCUGUUUUAUACCCC
CUUCCCCGCAACUUUAGAAGCAUCARAAGCACCGCUCARUAGUCACCACACCCCCAGUGUGGUUUCG
AGCAAGCACUUCUGUUUUCCCGGUUGCGUCCCAUAUGCUGUGCAAACGGCAAAAAGGGACAAUAUCG
UUACCCGCUUGUAUACUACGGGAAACCUAGUACCACCAUUGAUUGUGUUGAGAGUUGCGCUCAUCAC
CUUUCCCCGGUGUAGCUCAGGCCGAUGAGGCUCAGAAUCCCCCACAGGUGACUGUGUCUGAGCCUGC
GUUGGCGGCCUGCCLCUCGCCUUAUGGCGUGGGACGCUUGAUACAUGACAUGGUGCGAAGAGUCUACU
GUGCUAUGCAAGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCACUGAUCCCACGCACGCAAA
CCAGUGUGUAGUGGGUCGUAACGCGCAAGUCGGUGGCGGAACCAACUACUUUGGGUGACCGUGUUUC
CUUUAUUACUUAUUGARUGUUUAUGGUGACRAUUGUUUGAUUCAGUUGUUGCCAUUCUCUACAUUCA
UUUACCCAGCAUCARACCAAUUGAACUGUUACA

Human-
enterovirus-
C105

AGUCUGGACAUCCCUCACCGGCGACGGUGGUCCAGGCUGCGCUGGCGGCCUACCUGUGGUCCAAAGC
CACGGGACGCUACAUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACARARAGAGUCCUCCGGCCCCU
GARUGCGGCUAAUCCCAACCACGGAUCAAGGGUGCACARACCAGUGUACACCUUGUCGUAACGCGCA
AGUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAAUUUUGAUGGCUGCUUAUGG
UGACAAUCAUAGAUUGUUAUCAUAAAGCUAAUUGGAUUGGCCAUCCGGUGAGAGUGAAAUAUAUUGU
UUACCUCCCUGUUGGGUUUACUCUAACUAACUUCUCCAUUUAUAAACUUGUCAUCACAGUUUUAAUA
AUUAGAAGUGCAGUUUACA

Human-
poliovirus-
l-strain-
NIE1116623
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N

UUUAAAACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACUGGGCGUUAGUACUCUGGUAUCGCGG
UACCUUAGUAUGCCUGUUUUAUGUCUCCUUUCCCCCGCAACUUUAGAAGUAAUCAAGUUAUGGCUCA
ACAGUCGCCACACCCCCAGUGUGGUUCCGAGCAAGCACUUCUGUUCCCCGGUUGCGUCUUAUAUGCU
GUGUGAACGGCAGAAAGGGACAAUAUCGUUAUCCGCUCAACUACUACGGGAAGCCUAGUACCACCAU
GGAUUGACCUGAAAGUUGCGUUCAGCGCACCCCCAGCGCAGCUCAGGCCGAUGAGGCUCCGAAUACC
CCACGGGCGACCGUGUCGGAGCCUGCGUUGGCGGCCUGCCCACGUUGCARAACGUGGGACGCUCAUU
UCAUGACAUGGUGCGAAGAGCCUACUGUGCUAGUUGAGAGUCCUCCGEGCCCCUGAAUGUGGAUAAUC
CUAACCACUGAACCUACGGGCGCAAACCAGCGUCUGGUAGGCCGUARCGCGCAAGUCGGUGGCGGAR
CCAACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUUGAAUGUUUAUGGUGACAAUUGUUGUGUA
CAGUUGUUACCAUAGUUUGCAUUCAGAAAUAAACCUAACACUUUCCAAUUAUUUGUUACA

Human-—
enterovirus-
109

N

UURAAACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUCACGG
UACCCUUGUGCGCCUGUUUUAUAUUCCCCCCCCGCAACUUAGAAGCACGARACCAAGUUCARUAGAA
GGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGCAUAGACUGCU
CACGCGGUUGAAAGUGAUCGAUCCGUUACCCGCUUGUGUACUUCGARAAGCCUAGUAUUGCCUUGGA
AUCUUCGACGCGUUGCGCUCAGCACCCGACCCLCGGGGUGUAGCUUAGGCUGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAAUGCCAUAGGACGCUAGA
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGAGUCCUCCGGCCCCUGAAUGCGGCUARAUC
CUAACCACGGAGCAGGCGGUCGCARACCAGUGACUAGCUUGUCGUARCGCGCAAGUCUGUGGCGGAR
CCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUUUUAUUAUGGCUGCUUAUGGUGACAAUCAGAGA
UUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACAACUGUUUGUU
GGAACCACUGUGUUAGUUUAACCUCUCUUUCAACCAAUUAGUCAAARACAAUACGAAGAUAGAACAA
CAAUACUACA

Human-
poliovirus-
2-strain-
NIE0811460

N

GGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUACGGUACCCUUGUACGL
CUGUUUUAUACUCCCCUCCCCGUAACUUAGAAGAAACAAARUAAGUUCAAUAGGAGGGGGUACARAC
CAGUACCACCACGAACAAGCACUUCUGUCUCCCCGGUGACAUUGCAUAGACUGUCCCCACGGUUGAR
AGCAAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACCAUCUUGGAAUCAUCGAUGCG
UUGCGCUCCACACUCAGUCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUUCCUCACCGGCGAC
GGUGGUCCAGGCUGLCGUUGGCGGCCUACCUGUGGCCCARAGCCACAGGACGCUAGAUGUGAACARAGG
UGUGAAGAGCCUAUUGAGCUAUAAGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCCAACCACGGA
UCAAGGGUGCACGAACCAGUGUAUACCUUGUCGUAACGCGCAAGUCLCGUGGCGGAACCGACUACUUY
GGGUGACCGUGUUUCCUUUUAUUAUUUCAAUGGCUGCUUAUGGUGACAAUCAUUGAUUGUUAUCAUA
AAGCGAAUUGGACUGGCCAUCCGGUGAAAGUGAAACAVUAUUGUUUGCCUCCUCGUUGGGUCUACUUC
AACCAAUCUUUACUUACAAUCUUACCACUACAGUUUUGCUGGUUAGAAGUGUGUUUCACG

Human-
poliovirus-
l-strain-
EQG1419328

[\S3

CUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUUACGGUACCCUUGUGC
GCCUGUUUUAUACUCCCCUCCCGCAACUUAGAAGCACGAAACCAAGUUCAAUAGAAGGGGGUACAAA
CCAGUACCACUACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGCAUAGACUGCUCACGCGGUUGA
AAGUGAUCGAUCCGUUACCCGCUUGUGUACUUCGAAAAGCCUAGUAUCGCCUUGGAAUCUUCGACGC
GUUGCGCUCAGCACCCGACCCCGGGGUGUAGCUUAGGCCGAUGAGUCUGGACAUUCCUCACCGGUGA
CGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGUUAGAUGUGAACAAGG
UGUGAAGAGCCUAUUGAGCUACRUARAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUARACCACGGA
GCAGGCGGUCGCGAACCAGUGACUGGCUUGUCGUAACGCGCAAGUCUGUGGCGGAACCGACUACUUU
GGGUGUCCGUGUUULCCUGUUAUUUUUAUCAUGGCUGCUUAUGGUGACAARUCAGAGAUUGUUAUCAUA
AAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACAACUGUUUGUUGGAACCACUGU
GUUAGCUUUGCUUCUCAUUUAACCAAUUAAUCAAARAACAAUACGAGGAUAAAACAACAAUACUACA

Human-
poliovirus-
2-isolate-
Is061

N

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUGCCCCCUUCCCCCAAUUGAAACUUAGAAGUUACACACACCGAUCAR
CAGCGGGCGUGGCAUACCAGCCGCGUCUUGAUCAARGCACUCCUGUUUCCCCGGACCGAGUAUCARUA
GACUGCUCACGCGGUUGAAGGAGAARAACGUUCGUUACCCGGCUAACUACUUCGAGAAACCUAGUAGC
AUCAUGAAAGUUGCGAAGCGUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUACGGGGCAACCCGUAGGACGL
UUCAAUACAGACAUGGUGCGAAGAGUCGAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUCCGEGL
UAAUCCUAACUGCGGAGCACAUACCCUCAACCCAGGGGGCAUUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAAUGGCUGCUUAUGGUGACAAUU
GARAGAUUGUUACCAURUAGCUAUUGGAUUGGCCAUCCGGUGUCUARCAGAGCURUUARUAUACCUCU
UUGUUGGAUUUGUACCACUUGAUCUAAAGGAAGUCAAGACACUACAAUUCAUCAUACAAUUGAACAC
AGCARA

Coxsackievir
us-B5

N

CUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGAUUCCACGGAAUCUUUGUGC
GCCUGUUUUACAACCCUUCCCCAACUUGUAACGUAGAAGUAAUACACACUACUGAUCAAUAGCAGGC
AUGGCGCGCCAGUCAUGUCUCGAUCAAGCACUUCUGUUCCCCCGGACUGAGUAUCAAUAGACUGCUC
ACGCGGUUGAAGGAGARAACGUUCGUUACCCGGCUAACUACUUCGAGARACCUAGUAGCACCAUAGA
AGCUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACUGCAAUCCCCA
CGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCARCCCAUAGGACGCUCUAAUGU
GGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARAUGCGGCUAAUCCUA
ACUGCGGAGCACAUGCCUUCAACCCAGAAGGUAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCG
ACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACAAUCACGGAAUU
GUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAAUAGAGCUAUUGUGUACCUAUUUGUUGGA
UUUACUCCGCUAUCACAUAAAUCUCUGAACACUUUGUGCUUUAUAUUGAACUUAAACACCCGAAR

Coxsackievir
us—-Al0
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2 | AUUAAAGGUUUAUACCUUCCCAGGUAACAAACCAACCAACUUUCGAUCUCUUGUAGAUCUGUUCUCU Human-XIAP
AAACGAACUUUAAAAUCUGUGUGGCUGUCACUCGGCUGCAUGCUUAGUGCACUCACGCAGUAUAAUU
6 | AAUAACUAAUUACUGUCGUUGACAGGACACGAGUAACUCGUCUAUCUUCUGCAGGCUGCUUACGGUU
UCGUCCGUGUUGCAGCCGAUCAUCAGCACAUCUAGGUUUCGUCCGGGUGUGACCGARAGGUARG

N

2 | UURAARACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGCGGCGCCAGUACUCUGGUACGCUAGU iBEV1
ACCUUUGUACGCCUGUUUUCCCCACCCUUARAUARAUUAAGAUUACCACUGCUGUGGGGAGUAGUCC
7 | GACUCCGCACCGAUACGUCGCACCAGUGAACUGGUUCGCUUAGAACCUUUGCACGGAGCAGCUGGUA
UCCCCCCCCGUAACUUAGAAGCCUGGACAAACCGACCARUAGAGGCGUUGUAGCCAGCAGCGCAACG
GUCAAGCACUUCUGUUUCCCCGGCGCCAUGCGUCGUUACCCGCCCGGCCUACUGCGGGAAGCCUAGU
AGGACCCCAAUCGGACGCGCGGUUGCGUUCAGCCACAACCCCAGUGGUAGCUCUGAGGAAUGGGACU
CGCCUACCCCCCACAGCAAUGUGGUGGCUUGUCCGCGUGUGUCCUCGGGUUCGCUCGUUGAGCGAUC
ACCGCAACUCUGAGUAAGGUCUCAAGAGCCUACUGCGCUAGGUCGGUUCUCCUCCGGAGCCGUGAAU
GCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAACCCAGUGUUGCUACGUCGUAAUGCGUAAGUUG
GAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAAUUUUUGUUCAUUAUUACAUGGUGACA
UUGACUGACAUUUGUGAAUUUGCCCGCCUGCCCUUGAACAUAGCUCUCUAUUACUUGAUUGCAUUUC
ACAAAACAACCCAACUCACUGUUGAACUUGUUGACUUCGCAGUCUACUUGAACUUACAGUACAAUCA
CAUUCACA

N

2 | CUUGUARAAACAACUUUGAUGCCUUGAAUAUAUARUGAUUCAUUAUAACAAUUAUGCAUAGAUUUUA iCovidl9
AURAUCUGCAUAUUUUAUGCUUUCAUGUUUUUCCUAAUUAAUGAUUUGACAUGGUUAAUAAUUAUAA
8 | UAUAUUCUGCAUCACAGUUUACAUAUUUAUGUAARAUAAGCAUUUAARAAAUUAUUAGUUUUAUUCUG
CCUGCUUAAAUAUUACUUUCCUCAAAAAGAGAAAACAAAAAUGCUAGAUUUUACUUUAUGACUUGAA
UGAUGUGGUAAUGUCGAACUCUAGUAUUUAGAAUUAGAAUGUUUCUUAGCGGUCGUGUAGUUAUUUU
UAUGUCAUAAGUGGAUAAUUUGUUAGCUCCUAUAACAAAAGUCUGUUGCUUGUGUUUCACAUUUUGG
AUUUCCUAAUAUAAUGUUCUCUUUUUAGAAAAGGUGGACAAGUCCUAUUUUCAAGAGA

N

2 | UUUAAURAGUGUUGUGCAGAUUAAUCUGCACAGCACUAGCCACAAAGUUCAGUGGUCCCAAUUAUGG iCrPVv
GAUAUAARAACUCAAUGGUCGACGGAGUGACCUGGAAAUGCUCCCCGUGAGAAACCUUGUUUARACGL
9 | ACUUGGACCUUCUCCGGCCUCAGCGCCAGGCAUAGCUGGAUCGUCAAUCCCAAGUUUGGACUUAGAC
UUGCUCUAUGUUACAAUUGGGAGGAGCGUGACUUACCAUUGGUCGUUGAUGACGUUAAUUCCAAACA
AAAACAACAACAACAACUUAGUUUARAUAAUUCCGGUCUUUAAGCAUCAGGGUAGACCGAUGAGGAA
UARAGAACCCUAUAAGACUGAUUCGAUACCAAGAGCUGGUGUCUGAGGGAUUACGACUCGCGUGGUC
GGACAGCACAUGUUAGUCAUGUAUUAUGGUGUUUCCCAACACGUAUCUUUGCUCUAGUAUUGAACUU
UAGUGAUGAGUGUACUUGGCAUGUACACCUGAUUAGUUAGCCCUUGUGGAUACGCCACUGCCGCUCA
GGUACAGUAGGACAUACCCCAAAUAUUGGGUUCCACUCGUAGAGAAGAAAAUUAGUGGCGAAACGUA
CGGUUUAUGUCAAAGGAGAAGGUGAUUUUARUUGCACCUGAAGCAACCCUAGGUCUUCCCUUUGAUG
UGAGCUAAUAAGGAGUAACCGAUUCUUACAAUGUGAUC

N

2 | AGCGCCCAAUACGCAAACCGCCUCUCCCCGLGCGUUGGCCGAUUCAUUARUGCAGCUGGCACGACAS iEMCV
GUUUCCCGACUGGAAAGCGGGCAGUGAGCGCAACGCAAUUAAUGUGAGUUAGCUCACUCAUUAGGCA
0 | CCCCAGGCUUUACACUUUAUGCUUCCGGCUCGUAUGUUGUGUGGAAUUGUGAGCGGAUARACARUUUC
ACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUCCAGGCACUCCUUUCARGACCUAGAAGGU
CCAUUAGCUGCAAAGAUUCCUCUCUGUUUARAACUUUAUCCAUCUUUGCARAGCUUUUUGCARARGC
CUAGGCCUCCAAAAAAGCCUCCUCACUACUUCUGGAAUAGCUCAGAGGCCGAGGCGGCCUCGGCCUC
UGCAUARAUARAAARAAUUAGUCAGCCAUGGGGCGGAGRAUGGGCGGAACUGGGCGGAGUUAGGGGE
GGGAUGGGCGGAGUUAGGGGCGGGACUAUGGUUGCUGACUAAUUGAGAUGCAUGCUUUGCAUACUUC
UGCCUGCUGGGGAGCCUGGCGUGAGGCUCCGGUGCCCGUCAGUGGGCAGAGCGCACAUCGCCCACAG
UCCCCGAGAAGUUGGGGGGAGGGGUCGGCAAUUGAACCGGUGCCUAGAGAAGGUGGCGCGGGGUAAA
CUGGGARAGUGAUGUCGUGUACUGGCUCCGCCUUUUUCCCGAGGGUGGGGGAGARCCGUAUAUAAGU
GCAGUAGUCGCCGUGARCGUUCUUUUUCGCAACGGGUUUGCCGCCAGAACACAGGUAAGUGCLCGUGU
GUGGUUCCCGCGGGLCUGGCCUCUUUACGGGUUAUGGCCCUUGCGUGCCUUGAAUUACUUCCACGCC
CCUGGCUGCAGUACGUGAUUCUUGAUCCCGAGCUUCGGGUUGGAAGUGGGUGGGAGAGUUCGAGGCC
UUGCGCUUAAGGAGCCCCUUCGCCUCGUGCUUGAGUUGAGGCCUGGCCUGGGCGCUGGGGLLGLLGL
GUGCGAAUCUGGUGGCACCUUCGCGCCUGUCUCGCUGCUUUCGAUAAGUCUCUAGCCAUUUAAAAUU
UUUGAUGACCUGCUGCGACGCUUUUUUUCUGGCARGAUAGUCUUGUAARUGCGGGCCAAGAUCUGCA
CACUGGUAUUUCGGUUUUUGGGGCCGCGGGCGGCGACGGEGGCCCGUGCGUCCCAGCGCACAUGUUCG
GCGAGGCGGGGCCUGCGAGCGCGGCCACCGAGAAUCGGACGGGGGUAGUCUCAAGCUGGCCGGLCUG
CUCUGGUGCCUGGCCUCGCGCCGCCGUGUAUCGCCCCGLCCUGGGCEGCAAGGCUGGCCCGGUCGGL
ACCAGUUGCGUGAGCGGARAGAUGGCCGCUUCCCGGCCCUGCUGCAGGGAGCUCAARAUGGAGGACG
CGGCGCUCGCGAGAGCGGGCGGGUGAGUCACCCACACARAGGAAAAGGGCCUUULCCGUCCUCAGLCCG
UCGCUUCAUGUGACUCCACGGAGUACCGGGCGCCGUCCAGGCACCUCCAUUAGUUCUCGAGCUUUUG
GAGUACGUCGUCUUUAGGUUGGGGGGAGGGGUUUUAUGCGAUGGAGUUUCCCCACACUGAGUGGGUG
GAGACUGAAGUUAGGCCAGCUUGGCACUUGAUGUAAUUCUCCUUGGAAUUUGCCCUUUUUGAGUUUG
GAUCUUGGUUCAUUCUCAAGCCUCAGACAGUGGUUCAAAGUUUUUUUCUUCCAUUUCAGGUGUCGUG
AGGAAUUCUCUAGGUCGACCCCGGGGAUCCUCUAGACUAGUGCUAGCAUGCUGCAGUCGAAGGUACC
GCGGGCCCGEGAUCCGLCCCUCUCCCUCCCLCCCCCCCURACGUUACUGGCCGAAGCCGCUUGGARUA
AGGCCGGUGUGCGUUUGUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCC
CGGARAACCUGGCCCUGUCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCARAGGAAUGL
AAGGUCUGUUGAAUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACARAACAACGUCUGU
AGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGCGACAGGUGCCUCUGCGGCCAAARAGCCACGU
GUAUAAGAUACACCUGCAAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAA
GAGUCARAUGGCUCUCCUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUG

w

176
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UAUGGGAUCUGAUCUGGGGCCUCGGUACACAUGCUUUACAUGUGUUUAGUCGAGGUUAAAAAAACGU
CUAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGAAAAACACGAUGAUAAUAUGGCCACAACC

N

UURAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCAAGCACUCUGGUACCUCGGU iEV71
3 | ACCUUUGUGCGCCUGUUUUACACCCCCCCCCCAGUGAAACUUAGAAGCAGCARACCACGAUCAAUAG
1| CGGGCAUAACGCUCCAGUUAUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGAC
UGCUCGCGCGGUUGAAGGAGAARACGUUCGUUAUCCGGCUAGCUACUUCGGGAARCCUAGUAACACC
AUGAAAGUUGCGGAGAGCUUCGUUCAGCACUCCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUU
CCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGGCGCUCU
AAUACGGACAUGGUGUGAAGAGUCUACUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCCAACUGCGGAGCACACGCCCACAAGCCAGCGGGUAGCGUGUCGUAACGGGUAACUCUGCAGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUCUUUAUACUGGCUGCUUAUGGUGACAAUUARAA
GARUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCAAUUGUUUACCUATUCA
UUGGUUUCGUACCAUUAACCUUGAAGUCUGUGACCACCCUUAACUACAUCUUGACCCUUAACACAGC
UARAC

2 | GACGGAUCGGGAGAUCUUCAAUAUUGGCCAUUAGCCAUAUUAUUCAUUGGUUAUAUAGCAUARAUCA iHCV
AUAUUGGCUAUUGGCCAUUGCAUACGUUGUAUCUAUAUCAUAAUAUGUACAUUUAUAUUGGCUCAUG
2 | UCCAAUAUGACCGCCAUGUUGGCAUUGAUUAUUGACUAGUUAUUAAUAGUAAUCRAUUACGGGGUCA
UUAGUUCAUAGCCCAUAUAUGGAGUUCCGCGUUACAUAACUUACGGUARAUGGCCCGCCUGGCUGAC
CGCCCAACGACCCCCGCCCAUUGACGUCAAUAAUGACGUAUGUUCCCAUAGUAACGCCAAUAGGGAL
UUUCCAUUGACGUCAAUGGGUGGAGUAUUUACGGUAAACUGCCCACUUGGCAGUACAUCAAGUGUAU
CAUAUGCCAAGUCCGCCCCCUAUUGACGUCAAUGACGGUAAAUGGCCCGCCUGGCAUUAUGCCCAGU
ACAUGACCUUACGGGACUUUCCUACUUGGCAGUACAUCUACGUAUUAGUCAUCGCUAUUACCAUGGU
GAUGCGGUUUUGGCAGUACACCAAUGGGCGUGGAUAGCGGUUUGACUCACGGGGAUUUCCAAGUCUC
CACCCCAUUGACGUCAAUGGGAGUUUGUUUUGGCACCARAAUCAACGGGACUUUCCAAARAUGUCGUA
AUAACCCCGCCCCGUUGACGCARAUGGGCGGUAGGCGUGUACGGUGGGAGGUCUAUAUAAGCAGAGC
UCGUUUAGUGAACCGUCAGAUCACUAGAAGCUUUAUUGCGGUAGUUUAUCACAGUUAARARUUGCURAC
GCAGUCAGUGCUUCUGACACAACAGUCUCGAACUUAAGCUGCAGAAGUUGGUCGUGAGGCACUGGGC
AGGUAAGUAUCAAGGUUACAAGACAGGUUUAAGGAGACCAAUAGAAACUGGGCUUGUCGAGACAGAG
AAGACUCUUGCGUUUCUGAUAGGCACCUAUUGGUCUUACUGACAUCCACUUUGCCUUUCUCUCCACA
GGUGUCCACUCCCAGUUCAAUUACAGCUCUUAAGGCUAGAGUACUUAAUACGACUCACUAUAGGCUA
GCCACC

w

2 | UACUCUGGUAUUAUGUACCUUUGUACGCCUGUUUCUUCCCUACAACCCCUUCCUARAACUCCCACCC 1HRV-B14
AUGAAACGUUAGAAGCUUGACAUUUAAGUACAAUAGGUGGCACCACAUCCAGUGGUGUCUACGUACA
3 | AGCACUUCUGUUUCCCCGGAGCGAGGUAUAGGCUGUACCCACUGCCAARAGCCUUUAACCGUUAUCC
GCCAACCAACUACGUAACAGCUAGUAUCAUCUUGUUCUUCACUGGACGUUCGAUCAGGUGGAUUCCC
CCUCCACUAGUUUGGUCGAUGAGGCUAGGAGCUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCG
GCCAACCCAGCUCAUGCUGGGACGCCCUUUUAAGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUG
UGAGUCCUCCGGCCLCCUGAAUGCGGCUAACCUUARCCCUGGAGCCUUAUGCCACGAACCAGUGGUUG
UAAGGUCGUAACGAGCAAUUCCGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUAUUUUUCU
UUAUAUUGUCUUAUGGUCACAGCAURUAUAUAAGUAUAUACUGUGAUC

w

2 | UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACUGGUAUCGCGG ipv2
UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUARCUUAGAAGCACAACGUCCAAGUUCARUA
4 | GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGCUGUAUAGGCU
GUUUCCACGGCUAAAAGCGGCUGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
UUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAARGCCACAGGALGL
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACCACGGAGCAGGCAGUGGCAAUCCAGCGACCAGCCUGUCGUAARCGCGCAAGUUCGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACAAUGGCUGCUUAUGGUGACAAUUA
UUGAUAGUUAUCAUAAAGCAAAUUGGAUUGGCCAUCCGGUGAGAAUUUGAUUAUUAAAUUACUCUCU
UGUUGGGAUUGCUCCUUUGAAAUCCUGUGCACUCACACCUAUUGGAAUUACCUCAUUGUUGAGAUAU
UAUUACCACU

w

2 | UUAAAACAGCUCUGGGGUUGCUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUGCGG iPV3
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCCGUGCAACUUUAGARGAAAUCCACAAAGUUCAR
5| UAGAGGGGGUGCAAACCAGCACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAAGC
UGUACCCACGGCUGAAGGCGACGGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUAUUACCU
UGGAAUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGUCGAUGAGUCUGGGCA
CGCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAUCACCAUGGGACGCU
AGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCCAAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAGCAAGUGUCCUCAACCCAGGGGAUGGCUUGUCGUAACGCGAAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGUAUGGCUGCUUAUGGUGACAAUCA
AAGGUUGUUACCAUAAAGCAAUUUGGAUUGGCCAUCCGGUGAGAAUCAAACAUAUUAUCUACCUGUU
UGUUGGGUUUUCUUCUUUUACUUGAACAAUACCUCUAAUARUAACUGCUAUAUUGUCAAUAAGACAU
UAUCAUCACA

w

2 | GAGUGUUCCCACCCAACAGGCCCACUGGGUGUUGUACUCUGGUAUUACGGUACCUUUGUACGCCUAU iSimianEV-A
UUUAUUUCCCCCCCCUUUUUGARACUUAGAAGUUAAUAAUAAACACGCUCACUAGGUGCACUACAUC
6 | CAGUAGUGUAAUGAGCAAGCACUUCUGUCUgCCCCGGGAGGGAUAUAUGGUACGCUGUGCAAACGGC
GGARAAUUAAUCCUACCGUUAACCGCCCACCUACUCCGAGAAGCCUAGUACCUAAUUGGAUUUAUCAA
UGGAGUUGCGCUCAGCAGGUGACCCUGACCUGCCAGCUCCGGCUGAUGGACCUGGGCUUUCCCCACA

w

177
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GGCGACUGUGGCCCAGGUCGCGUGGCGGCCEGCCCACCLCCCUGGGUGGGACGCCUUGAUAAUGACA
AGGUGGGAAGAGCCUAUUGGGCUAGCUGGUUUCCUCCGGCCUCCUGAAUGCGGCUAACCUUAACCCC
AGAGCAUAUGGUAGCAACCCAGCUACUAGUAUGUCAUAAUGCGUAAGUCUGGGAUGGGACCGACUAC
UUUGGAGAGUCCGUGUUUCUAUUGUUUCUUUAAUCAAUCUUAUGGUGACARUUUAUAGUGCCCUGAG
UAUUGAUUGGUUGUUGCUUUUGACAAUUAUUGAGACAUCACAUAGACAUA

w

UUAAAAUAGCUGCUGGGUUGUUCCCAUCCAGCAGGCCCACUGGGCGUGAUACUCUGGUAUUGCGGUA
CCUUUGUAUGCCUAUUUUACCUCCCUUCCCCCUGAAACUUAGAAGARAGAARACAAACACGCUCACUA
GGUACACUGCAUCCAGCAGUGUAAUGAGCAAGCACUUCUGUUUCCCCGGAAGGGAUAUAUGGUACGC
UGUGCAAACGGCGGAAAUUAAUCCUACCGUUAACCGCCCAUCUACUCCGAGAAGCCUAGUACCUAAU
UGAACUUAUCAAUGGAGUUGCGCUCAGCAGGUGACCCUGACCUGCCAGCUCCGGCUGAUGGACCUGG
GCAUCCCCCACAGGCGACUGUGGCCCAGGUCGCGUGGCGGCCGGCCCACUCUUUUGAGUGGGACGCC
UUGAUAAUGACAAGGUGGGAAGAGCCUAUUGGGCUAGCUGGUUUCCUCCGGCCUCCUGAAUGCGGCU
AACCCUAACCCCGGAGCAUAUGGUGGCAACCCAGCCACUGGUAUGUCGUAACGCGUAAGUCUGGGAU
GGGACCGACUACUUUGGAGAGUCCGUGUUUCCAUUAUUUUCUUUAUUGAAUCUUAUGGUGACAAAUU
GGGAGUUACUCGGGUGACGAUUGAUUAUUACUUCUGAARACGUAGAGAUAUAGAAUCAACACA

iSimianv4

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUGACUUACCCUCCCCAAACGCAACUUAGAAGCACAACUUAAAUGGUCAAU
AGGCGGCUCAGUAUGCCARCUGAGUCUCGAUCAAGCACUUCUGUUACCCCGGACUGAGUACCAAUAG
GCUGCUCACGCGGCUGRAGGGGAAACCGUUCGUUACCCGACUAACUACUUCGAGRAAACCUAGUACCA
CCAUGARAAGUUGCGCAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
AACCCCACGGGCGACCGUGGCGGUGGCUGCGCUGGCGGLCUGCCCAUGGGGCAACUCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACCCACGCACCAGUGGGCAGUCUGUCGUAAUGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGUUCUUAUACUGGCUACUUAUGGUGACAAUUG
AGAGAUUGUAACCAUAUUGCUAUUGGAUUGGCCACCCGGCGACGAAUAGAACAGUUGCUUACCUGUU
UGUUAGUCUCGUAUCACUGAACUACARAAUCCUUARACACCCUUUAAUUUCGUCAUAARCGCUCAAUAC
GUUAAA

iSwineVesicu
lar

w o

CCCCUCUCCCUCCCLCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGAAURAAGGCCGGUGUGCGUUU
GUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCCCGGAAACCUGGCCCUG
UCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCAAAGGAAUGCAAGGUCUGUUGAAUGU
CGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGACCCUUUGCAGG
CAGCGGAACCCCCCACCUGGCGACAGGUGCLCUCUGCGGCCAAAAGCCACGUGUAUAAGAUACACCUG
CARAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUCUC
CUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUG
GGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUAAAAAACGUCUAGGCCCCCCGAACCA
CGGGGACGUGGUUUUCCUUUGARAAACACGAUGAUAA

cardiovirusAa
1;encephalomn
yocarditisvi
rusl

UUGAAAGGGGGCCCGGGGGAUCUCCCCCGCGGUAACUGGUCACAGUUGCCGCGGACGGAGAUCAUCC
CCCGGUUACCCCCUUUCGACGCGGGUACUGCGAURAGUGCCACCCCAGUCCUUCCUACUCCCGACUCC
CGACCCCAACCCAGGUUCCUUGGARCAGGAACACCAAUUUAUUCAUCCCUUGGAUGCUGACUAAUCA
GAGGAACGUCAGCAUUUUCCGGCCCAGGCURAAGAGAAGUAGAUAAGUUAGAAUCUARARUUAUUUAUC
AUCCCCUUGACGAAUUCGCGUUGGAAAAGCACCUCUCACUUGCCGCUCUUCACACCCAUCAUUCUAA
UUCGGCCCCUGUGUUGAGCCCCUUGUUGAAGUGUUUCCCUCCAUCGCGACGUGGUUGGAGAUCURAG
UUAACCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAAUCUUUCUUCCUUUUACCUUGGACUCCGGUCCCCCGGUCUARGCCG
CUUGGAAUAAGACAGGGUUAUCUUCACUCCUCUUCUUUUCUACUUCACAGUGUUCUAUGCUGUGAAR
GGGUAUGUGUCGCCCCUUCCUUCUUCGGAGRAACACGCGUGGCGGUUUUUUCCGUCUCUCGACAAGCG
CGUGUGCGACAUGCAGAGUCUCGCGAAGAAAGCAGUUCUCGGUCUAGCUUUAGUGCCCACAAGARAR
CAGCUGUAGCGACCACACAAAGGCAGCGGAACCCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAR
GCCACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGUUUUCUUGGUGACACUC
UAGUGAACCCCUGAAUGGCGAUCUUAAGCGCCUCUGUAGGGAAGCCAGGAAUGUCCAGGAGGUACCC
CUUCCGCUCGGAAGGGAUCUGACCUGGAGACACAUCACAUGUGCUUUACACCUGUGCUUGUGUUUAA
AAAUUGUCGCAGCUUCCCCAAACCAAGUGGUCUUGGUUUUCUCUUUUUAUUAUAUUGUCAAU

cardiovirusB
1;Theiler'sm
urineencepha
lomyeltitsvi
rus-GD

UUGAAAGGGGGCCCGGGGGAUCUCCCCCGCGGCAACUGGUUACAGUUGUCGCGGACGGAGAUCAUCC
CCCGGUCACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCAGUCUCUCCUACUCCCGALCUCCC
GACCCUAACCCAGGUUCCUCGGUAUAGGAACACCACUUUACUCAUCCCCUGGAUGCUGACUAAUCAG
AGGAACGUCAGCAUUUUCCGGCCCAGGCUARGAGAAGUAGAUAAGUUACAARUCCAAAUUGAUUUAUC
AUCCCCUUGACGAAUUCGCGUUGGAAAAGCACCUCUCACUUGCCGCUCUUCACACCCAUCAUUUUAA
UUCGGCCUCUGUGUUGAGCCCCUUGUUGAAGUGUUUCUCUCCAUCGCGACGUGGUUGGAGAUCURAAG
UCAACCGACUCCGACGAAACUACCAUCAUGUCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAAUCCUUCUUCCUUUCACCUUGGACCLCCGGUCCCCCGGUCUAAGCCG
CUUGGARUARAGACAGGGUUAUUUUCACCUCUUUUUCUUCUACUCCACAGUGCUCUAUACUGUGGARAG
GGUAUGUGUUGCCCCUUCCUUCUUGGAGAACGUGCGCGGCGGUCUUUCCGUCUCUCGACAAGLGCGL
GUGCAACAUGCAGAGUAACGCGAAGAAAGCAGUUCUUGGACUAGCUUUAGUAUCUGCAAGAAGACAG
CUGUAGCGACCACACAAAGGCAGCGGAACCCCCCUCCUGGUAACAGGAGCCUCUGCGGCCAARAGCE
ACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGGUUUCUUGAAGAUACUCUAG
UGAACCCUUGAAUGGCAAUCUCAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCUA
CCUCGCGGAAGGGAUCUGACCUGGAGACACGUCGCAAGUGCUUUACACCUGUGCUCGUGUUUAARAR
UUGUCACAGCUUUCCCAAACCAAGUGGUCUUGGUUUUCCUUUUUAUUACUAUUGACACU

cardiovirusB
1;Theiler'sm
urineencepha
lomyeltitsvi
rus-DA
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s

UUGAAAGGGGGCCCGEGGGGAUCUCCCCCGCEGUAACUGGUGACAGUUGUCGCGGACGGAGAUCAUCC
CCCGGUUACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUACUCCCGACUCC
CGACCCUAACCCAGGUUCCUCGGAACAGGAACACCAAUUUACUCAUCCCCUGGAUGCUGACUAAUCA
GAGGAACGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAGUAGAUAAGUUAGAAUCCAARUUGAUUUAU
CAUCCCCUUGACGAARUUCGCGUUGGAAAAACACCUCUCACUUGCCGCUCUUCACACCCAUUAAUUUA
AUUCGGCCUCUGUGUUGAGCCCCUUGUUGAAGUGUUUCCCUCCAUCGCGACGUGGUUGGAGAUCUAA
GUCAACCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGLUGGG
UGGAGCACCCUCGGGUUGAGAAAACCUUCUUCCUUUUUCCUUGGACUCCGGUCCCCCGGUCUAAGCC
GCUCGGAAUAUGACAGGGUUAUUUUCACCUCUUCUUUUCUACUCCACAGUGUUCUAUACUGUGGRAG
GGUAUGUGUUGCCCCUUCCUUCUUGGAGAACGUGCGCGGCGGUCUUUCCGUCUCUCGACAAGCGCGC
GUGCAACAUACAGAGUAACGCGAAGAAAGCAGUUCUCGGUCUAGCUCUAGUGCCCACARAGAARACAG
CUGUAGCGACCACACARAGGCAGCGGAACCCCCCUCCUGGUAACAGGAGCCUCUGCGGCCAARAGCC
ACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGGUUUCUUGGUGACACUCUAG
UGAACCCCUGAAUGGCAAUCUCAAGCGCCUCUGUAGGGAAGCCAAGRAUGUCCAGGAGGUALCLCCCUU
CCUCUCGGAAGGGAUCUGACCUGGAGACACAUCACACGUGCUUUACACCUGUGCUUGUGUUUAARAR
UUGUUACAGCUUCCCCGAACCAAGUGGUCUUGGUUUUCACUUUUUAUCACACUGUCAAU

cardiovirusB
1;Theiler'sm
urineencepha
lomyeltitsvi
rus

CGCAGUACCCGCGUUGAARAGAGGGAGGGCCGGGGAUGAUCUCCACCGCGACAACUGUAGCCAGUUGC
CGCGGGAGAGAUCCCCGGGGCCCCCUUUCAACGCGGGUACUGCGAUAGUGCCACCCCAGCCUUAUCC
UUCUCCCGACUUCCCGACCCUARCCCAGGUUCCUCGGARAGGAACACCAARACUCAAUCCCCUGGAU
GCUGACUAAUCAGAGGAAAGUUGGCAUUUUCCGGCCCAGGCUUAGAGAAGUAGAUAAGUUAGACUCA
AAUUGAUUCAAUUCCCCUUGGCGAAUCCGCGUCGAGGCGCCACCUCUCACUUGCCGUCCUCCACACC
CAUCCUUAAUUCGGCCUCUGUGUUGGACCCLCUUGUUGAAGUGGCUULCCUCUGCGCGGLCGLGGUUGE
AGAAUUUUGUCAUCCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUGUGUGAUGCCCUCCGCC
CUGCUGGGUGGAGCAUCCUCGGGUUGAGAAACCUCUUCCUUCAACCUUGGACCCLGGUCCLCLGGUC
UAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCACUCUCUUCUUCUUCUACUCCACGGAUUUCUAUUC
CCUGGARGGGUAUGUGUUGCCCCUCGCUUCUUGCGGAACGCGCACGGUGGUCUUUCCACCUCUCGAA
AAGUGUGCGUGCAACAUGCAGAGAUACGUGAAGARAGCAGUUUGUGAACUAGUCCUAGAGCGAACAC
GARUCCGGCUGUAGCGACCACUUAAGAGCAGCGGAACCCCCCUCCCEGLGACGGGAGCLULUGLGGL
CAAAAGCCACGUGGAUAAGAUCCACUCUUGAGUGCGGUGCGGCCCCGGCACCCCGGUUUCGUGGUUG
UUCUUUGACGAACCCACAAAUGGCGAUCUUAAGCGCCUCUGUAGAGAAGCCAAGAAUGUCCAGAAGG
UACCCCUAUCAAGGGAUCUGAUCUGGAGACGUGUCACUUAUGCUUUACACGAGUGCUCGCGUUUAAA
AACUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCUCCUUCUAAUUCUCUGUCAAU

cardiovirusB
3

GGAGAUCAUCCCCCGGUUACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUA
CUCCCGACUCCCGACCCURACCCAGGUUCCUCGGRAACAGGAACACARAUUUACUCAUCCCCUGGAUG
CUGACUAAUCAGAGGAACGUCAGCAUUUUCCGGCCCAGGCUUAGAGAAGUAGAUAAGUUAGAAUCUA
AAUUGAUAUGACUUCCCCUUGACGAAUUCACGUUGGAAAUGCACCCCUCACUUGCCGCUCUUCACAL
CCACUAAUUGAUUCGGCCUACUGUGUUGAGCCCCUUGUUGAAGUGCUUCCCUCCCUCGUGACGUGGU
UGGAGAAAUCUUGUCACCCGACUCCGACGARACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUC
UGCCCUGCUGGGUGGAGUAUCCUCGGGUUGAGAAAUCCUUCUUCCUUUUACCUUGGACCUUGGUCCC
CCGGUCUAAGCCGCUUGGRAUAAGACAGGGUUAUUUUCACCUCUUCUUCUUCUACUUCARUGGUGCUC
UAUACCAUGAAAGGGUAUGUGUCGCCCCUUCCUUCUUGGAGAACUCACGCGGCGGUCUUCCGUCUCU
CARARAGCGCGAGUGCGACAUGCAGAGUAACGCGAAGARAGCAGUULCCUGGCCUAGCUCUAGUGLCCL
ACAAGAAAACGGCUGUAGCGACCACACAAAGGCAGCGGAACUCCCCUCCUGGUAACAGGAGCLUCUG
CGGCCARAAGCCACGUGGAUUAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCALCCCCGGUUUCUUG
UUGACACUCUAGUGAAUCCUUGAAUGGCAAUCUCAAGCGCCUCUGUAGGARAGCCAAGAAUGUCCAG
GAGGUACCCCUUCCUCGCGGAAGGGAUCUGACCUGGAGACACAUCACACGUGCUUUACACUUGUGCU
UGUGUUUAAAAAUUGUCACAGCUUUCCCAAACCAAGUGGUCUUGGUUUUCCUUUUUUAUCCUACUGU
CARU

cardiovirusB
5

GGCAUACCUCAACCUGAGCGGCGGCUAAGGAUGCCCUGAAGGUACCCAUGAUGARAUCGCUCUGGCG
ACCAUGGAUCUGAUUAGGGGCCCUGCCUGGAGUGGAUCUAUCCCACACAGCGUAGGGUUAAARAACG
UCGAACCGCCCCACRAUGACCCCGGCAGGGAUGCCGGUUUUCUCUUUACCAAAUCUGACACU

cardiovirusC
2;Boonecardi
ovirus2

OV N[O N

GGCCUAGUCGCGUGCGGUUCCCUCUUGUUUUUGCUAUGCAAUCGGGGAUGACACCCCCUUUCACGUG
GGUACUACGAAAGUGCCCCUCGCUCCGAGGUUAAAGGAGAACCCCCCCUUCUUACCCCCACUCAGCU
CGCCCUUCAGUGUGGGCGCUAGCCUUUCCACUUGCAGCUUCUGCUUGUAGAUGCUUGCACCGUGAUC
GGUGCGCUUCUUGCUUUAGUCGCUUGUGCUUCUAUCGUUCUGACGAUUCAGUUUCCUAACGCCAGUG
UUUCGACGGCCCAAGGGGGUAGUUGCGGUCAGUAUUCCUACCGCAAUUAUCCCUUUCCCCGCUCGUA
GCUGGUUUGGAUCUUGGAUCUCUCUCCUUCLCUUCCCCCGUCUUCAAUUUAGCUUCGUGAUUGAAGCA
UCUCACUGUCUCUAGUAUUUAUGUCGAACUGACGAUUGAGUACGUUCAGAUUGUGUUUGGGAGGCCC
AAGGGACCGAUGGACAACACUUCGARAGAGUCACUUGUCCACCGCUCCUUUCCCCUACCCUAGCAAC
UCUGGAUUUGCUCACGUGGAGUUCGAGGUCUAUACUUUAACUCUGACUUGCUUUUCUUACCUUGCUA
UCUUGCUGACGUGGAUUGGUUGUAGACUGGUUCACGUUCCCGUUAGAUGCUGACGUGGAGUACGAUC
GCUGUACAUUCCACUACUGCCAAUUAGCUCCCCCUUCCCGUUGCUCCCCUCUAURAGGAGAGCCUUC
UCUUGCAAAGGUGAAGCCUUCACCCCCGGUCGAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCUCCU
CUUCUCGGCGCUUGCCUUUUCUAAGCUGAAUAGGUCCUAUCUAUUCAGGCGGAUGGUCUGGUCCGEUU
CCUCCUUGGACAGAGUGUGUAUCUGGGUUUUCCGGAUCUCGACCGCACACUCACCAGAGCUCAGGAG
UGACUAAGUCAAGGCCCGAUCUGCGGCGAAAAGGAAAUGAAGUAUUUUGCAGCUGUAGCGACCUCUC
AAGGCCAGCGGAUCUCCCCACCUGGUAACAGGUGCCUCUGGGGCCARAAGCCACGUGUUAAUAGCAC
CCUUGAGAGCGGUGGUACCCCACCACCCUGCAAACUAUGGAUUUGACUUAGUAACCAAAAGAUUGAC
UUGGCAUACCUCAACCUGAGCGGCGGCUAAGGAUGCCCUGAAGGUACCCGUGUUGARAUCGCUUCGG

cardiovirusC
3

179
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CGACCAUGGAUCUGAUCAGGGGCCCUGCCUGGAGUGGUUCUGUCCCACACAGCGUAGGGUUAAAAAR
CGUCUAACCGCCCCACAAUGACCCCGGCAGGGAUGCCGGUUUCCUUUUUACCAARUCUUGACACU

UUUCAAAGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGUARAAGAACACCCC
AGGGGUAACCCCUUUGAACGCGGGACUGCGAUAGUGCCACCCCACGUCUUUCCCACUCCUAACCCGA
CUCCCACCUCGGGUCCAAUGAAAGGACCAARURAAUUCAUCCCUUGARUGUUGGCUAAUCAGAGGAARA
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAAAUCCCUUGACGAA
UUCGAAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACAUUUAAUUCGGCCUCCUGU
GACAAGCCCCUCGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGA
AAGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUG
AGAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGARUAUGACAGG
GUUAUUUUCUUUAUCUUAUUUCUACUUUCACGGGUUCUAUCCGUGARAAGGGUACGUGUUGCCCCUU
CCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGGAR
ACGGUGAAGAAAACAGUUUUCUGCGGAAGUCUAGAGUGCGCAUCGARACAGCUGUAGCGACCUCACA
GUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCAARAGCCCCGUGGAUAAGAUCCAC
UGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACGUUCUUUACGGAACCAGAGGAUGGUU
UUCCUAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAG
GAGACCAAUUGACUGUGCUUUACACCGUCACUUUGGUUUARAAACUGUCACAGCUUCUCCAAACCAA
GUGGUCUUGGUUUUCCAAUUUUAUUAACUGGCAAU

cardiovirusD
1;8affoldvir
usl

UUUGAACGCGGGACCUGCGAAAGUGCCAACCCACGUCUUUCCCACUCCUARACCCGACUCCCALCCUCG
GGUCCAAUGAAAGGACCAAAUAUAUCAUCCCUUGAAUGCUGGCUAAUCAGAGGARAGUCAGCAUUUU
CCGGCCCAGGCUAAGAGAAACACAUAAGUUAGAUUUGACUCAAAUCCCUUGACGAAUUCGAAACGAG
AUGUUCUCCCUCCCUUGCCGCUUGCUCACACCCACACAUUUAAUUCGGCCUCUUGUGACAAGCCCCU
UGGUGAAAGAACCUCUCUCUUUUUGACGUGGUUGGAAUUAACAUCAUUUCCGACGARAGUGCUAUCA
UGCCUCCCCGAUUGUGUGAUGUUUUCUGCCLCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAACCUUGA
AUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCURAAGCCGCUUGGARUAUGACAGGGUUAUUUUCCU
UAUCUUACUUCUACUUUCACGGGUUCUAUCCGUGARARAGGGUACGUGUUGCCCCUUCCUUCUUCGGA
GAAUUCACACGGCGGUCUUUCCGUCUCUCGACAGGUGUGAAUGCAACAUGCCGGAAACGGUGAAGAR
AACAGUUUUCUGCGGAAGUCUUGAGUGCGCAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGA
CUCCCCUCUUGGUGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCG
GUGCAACCCCAGCACCCUGAUUCGAUGAACAUUCUUUACGGAACCAGAAGAUGGUUUUCUUAAGCCC
UCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUG
ACUGUGCUUUACACUGUCACUUUGGUUUAARAACUGUCACAGCUUCUCCARACCAAGUGGUCUUGGU
UUUCCAAUUUUACUAACUGGCARU

Saffoldvirus
3

[~y

UUUCAARGGGGGCCCUGGGGUCUUCGUCGCGGAGGUGCGCUAGCACCUUCGCGGCGAAGAACACCCC
AGGGGUACCCCCUUUGAACGCGGGACCUGCGAGAGUGCCAACCCACGUCUUUUCCCACUUUUACCCC
GGUUCCCACCUCGGGUCCAAUGAAAGGACCAAGCAAUUCAUCCCCUGAAUGUUGGCUAAUCAGAGGA
AAGUCAACAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAAAUCCCUUGACG
AAUUCGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUGUUUUAGAUUCGGCCUCUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGAC
GARAGUGCUAUCAUGCCUCCCCGAUUGUGUGAUGUUUUCUGCCCUGCUGGGCGGRACARUUCUCGGGU
UGAGAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACA
GGGUUAUUUUCUAAAUCUUAUUUCCACUUUUGUGGGUUCUAUCCACRAARAAGGGUACGUGCUGCCCC
UUCCUUCUUUGGAGAACUCGCACGGCGGUCUUUCCGUCUCUCAACAAGUGUGAGUGCAGCAUGCLGG
AAACGGUGAAGAAAACAGUUUCUUGUGGAAGUCUAGAGUGCACAUCGAAACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGGUCAUUCUCUACGGAACCAGGARAUGG
UUUUCUUAAGCCCUCCGGCAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUCGACAGUGCUUUACACUGUCGCUUUGGUUUAAAAACUGUCACAGCUUCUCCARARCC
AAGUGGUCUUGGUUUUCUAAUUUUUGUUGAAUGGCAAU

Saffoldvirus
4

(&)

UCCCUUGCCGCUUGUUCACACCCAUAUAUUUAAUUCGGCCUCUUGUGACAAGCCCCUUGGUGAAAGA
ACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGAAAGUGCUAUCAUGCCUCCCCG
AUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAACCUUGAARUCUUUUCCU
UUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUUAUCUUAUUU
CUACUUUCACGGGUUCUAUCCGUGARAAGGGUAUGUGUUGCCCCUUCCUUCUUCGGAGRAUUCACAC
GGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGGAAACGGUGAAGAAAACAGUUUUC
UGCGGAARGUCUAGAUUGUGCAUCGAARACAGCUGUAGCGACCUCACAGUAGCAGCGGALCUCCCCUCUU
GGCGACAAGAGCCUCUGCGGCCAARAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAACCCL
AGCACCCUGAUUCGAUGAACAUUCUCUACGGAACCAGAGGAUGGUUUUCUCAAGCCCUCCGGUAGAG
AAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGA

Saffoldvirus
5

Ul

GAGAAACAUAUAAGUUAGAUCUGAUCCAAAUCCCUUGACGAAUUCGAAAUGAGAUGUUUUCCCUCCC
UUGCCGCUUGUUCACACCCAUAUUUGUGAUUCGGCCUCUUGUGACARGCCCCUUGGUGAAAGAACCU
CUCUCUUUUCGACGUGGUUGGAAUUAACAUCUUUUCCGACGAAAGUGCUAUCAUGCCUCCCCGAUUA
UGUGAUGCUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGARAACCUUGAAUCUUUUCCUUUGG
AACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUUAUCUUAUUUCUALC
UUUCACGGGUUCUAUCCGUGAAAAGGGUACGUGUUGCCCCUUCCUUCUUCGGAGRAAUUCACALGGCG
GUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGGAAACGGUGAAGAAAACAGUUUUCUGCG
GAAGUCUAGAGUGCACAUCGAAACGGCUGUAGCGACCUCACAGUAGCAGUGGACUCCCCUCUUGGCG
ACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAUCCCCAGCA

Saffoldvirus
6
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CCCUGAUUCGAUGAGCAUUCUCUACGGAACCAGAGAAUGGUUUUCUCAAGCCCUCCGGUAGAGAAGC
CAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGA

2 | UUUCAAAGGGGGCCCUGGGGUCUUUGUCGCGGAGRAUGCGCUAGCAUCUUCGCGGUGARAGAACACCCC Saffoldvirus
AGGGGUACCCCCUUUGGACGCGGGACCUGCGAGAGUGCCAACCCACGUCUUUUCCCAUCCCUALCCC 7

2 | GACACUCACCUCGGGUCCAAUGAAAGGACCAAAUAUUUCAUCCCCUGAARUGCUGGCURAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGACUUUAAUCCCUUGACG
AAUUCGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACUUUCARAUUCGACCCCUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACACCAUUUCCGAC
GAAAGUGUUAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCACUCUCGGGU
UGAGAAACCUUGAGCCUUUUCUUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACA
GGGUUAUCUUCUUUAUCUUAUUUCUACUUUCACGGGGUCUAUCCGUGAARRAGGGUACGUGUUGCCCC
UUCCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGG
AACCGGUGAAGAAAACAGUUCUUUGUGGAAGUCUAGAGUGUACAUCGAAACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACAUUCUUUACGGAACCAGAGGAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUUGACUGUGCUUUACACCGUCACUUUGGUUUAAAAAUUGUCACAGCUUCUCCARAACC
AAGUGGUCUUGGUUUUCCCAUUUUGUUGACUGGCAAU

w

2 | UUUCAAAGGGGGCCCUGGGGUCUUCGUCGCGGAGRUGCGCUAGCAUCUUCGCGGCGRAGAACALCCCC Saffoldvirus
AGGGGUACCCCCUUUGAACGCGGGACCUGCGACAGUGCCAACCCACGUCUUUUCCUACUCCCAUCCC 8
GGCUCCCACCUCGAGUCCAUAGAAAGGACCAAGUACAUCAUCCCUUGGAUGCUGGCUAAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGARAUGAUCACAAUCCCUUGACG
AAAUCAGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCACUUCAUUAAUUCGGCCUUUU
GUGACAAGCCCCUUGGUGAAAGGACCUCUCUCUUUCUGACGUGGUUGGAAUUGACAUCUUUUCCGAC
GAAAGUGCUAUCGUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCAGAGCAUUCUCGGGU
UGAGAAACCUUGAACCUCUUCCUUUGGAACCUUGGUUCCCCCGGUCUARGCCGCUUGGAARUAUGACA
GGGUUAUUUUCCUUAUCUUAUUUCUACUUUCAUGGGUUCUAUCCAUGARAAGGGUAUGUGUUGCCCC
UUCCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGG
AAACGGUGAAGAAAACAGUUCUCUGUGGAAGUCUAGAGCGCGCAUCGAAACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCCCUGCGGCCARAAGCCCCBUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACGUUCUUUACGGAACCAGAGGAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUUGACGGUGCUUUACACCGUCACUUUGGUUUAAAAACUGUCACAGCUUCUCCAAACC
AAGUGGUCUUGGUUUUCUACUUUUAUUGACUGGCARAU

w U1

2 | UUCARAAGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGCARAGAACACCCCA Saffoldvirus
GGGGUACCCCCUUUGAACGCGGGUCCUGCGAAAGUGCCAACCCAUGUCUUUCCCACUCUUUCCCCGA 9

4 | CUCCCACCUCGGGUCUAAUGAARAGACCAAAUAUUUCAUCCCUUGAAUGCUGGCUAAUCAGAGGAAA
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUUAAUCCCUUGACGAAU
UCGAAACGAGACGUUUUCCCUCCCUUGCCGCUUGUUCACACCCACUUAUUUAAUUCGGCCUUUUGUG
ACAAGCCCCUCGGUGARAGAACCUCUCUCUUUUCGACGUGGUUGGARUUACCAUCAUCUCCGACGAR
AGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGA
GARACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGARUAUGACAGGG
UUAUUUUCUUAAUCUUAUUUCUACUUUUACGGGCUCUAUCCGUAAARAAGGGUACGUGCUGCCCCUUC
CUUCUCUGGAGAAUCUACACGGCGGUCUUUCCGUCUCUUAACAAGUGUGGAUGCAGCAUGCCGGAAA
CGGUGAAGAAAACAGUUUUCUGUGGAAGUUUAGAGUGCACAUCGAAACAGCUGUAGCGACCUCACAG
UAGCAGCGGACUCCCCUCUUGGCGACRAGAGCCUCUGCGGCCAARAGCCCCGUGGAUAAGAUCCACU
GCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGGUCAUUCUCUACGGAACCAGAAAATUGGUUU
UCUCAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGG
AGACCAAUUGACGGUGCUUUACACUGUCACUUUGGUUUAAARAUUGUCACAGCUUCUCCAAACCAAG
UGGUCUUGGUUUUCCAAUUUUGUUGAGUGGCAAU

U1

2 | UUUCAAAGGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGUARAGAACACCC Saffoldvirus
CAGGGGCACCCCCUUUGAACGCGGGACCUGCGAAAGUGCCAACCCALCGUCUUUCCCACUCUUAUCCC 10

5| GAUUCCCACCUCGGGUCCAAAGAAAGGACCAAUUAUUUCAUCCCUCGAAUGCUGGCURAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACRUAUAAGUUAGAUUUGGUUCAARUCCCUUGACG
AAUUUGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCACACAUUUAAUUCGGCCUAUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUCCAACGUGGUUGGAAUUAACAUCAUUUCCGAC
GARAAGUGUUAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCAUUCULCGGGU
CGAGAAACCUUGAAUCUUUUCUCAUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAAGACA
GGGUUAUUUUCUUUAUCUUGUUUCUACUUUUAUGGGUUCUAUCCAUAAAAAGGGUAUGUGCUGCCCC
UUCCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAGGUGUGAAUGCAGCAUGCCGG
AARCGGUGAAGAARACAGUUUUCUGUGGAAGUCUAGAGUGUACAUCGARACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGUAACAAGAGCCUCUGCGGCCARAAGCCCCGUGGAUCAGAUCC
ACUGCUGUGAGCGGUGCAACCCCGGCACCCUGAUUCGAUGGACAUUCUCUACGGRACCAGAGAAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAGGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAAUAGCAGUGCUUUACGCUGUUACUUUGGUUUARAAAAUUGUCACAGCUUCUCCAAACC
AAGUGGUCUUGGUUUUCUAAUUUUAUUGAAUGGCAAU

a1

2 | UCAAAGGGGGCCCUGGGGUCUUCGUCGCGGAGAUGCGUUAGCAUCUUCGCGGUGAAGAACACCCCAG Saffoldvirus
GGGUACCCCCUUUGAACGCGGGACCUGCGAGAGUGCCAACCCACGUCUAUCCCACUCCUAACCCGAC 11
6 | CCCCACCUCGGGUCCUACGARAGGACCAAARAUUUCAUCCCUUGAAUGCUGGCUARAUCAGAGGARAAG

S
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UCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAAAUCCCUUGACGAAU
UCGAAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACACUUAAUUCGGCCUCUUGUG
ACAAGCCCCUCGGUGARAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGAA
AGUGCUAUCAUGCCUCCCCGAUUGUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGA
GAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGG
UUAUUUUCUUUAUCUUAUUUCUACUUUCACGGGUUCUAUCCGUGAARAGGGUAUGUGUUGCCCCUUC
CUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGGAAR
CGGUGAAGAAAACAGUUUUCUGCGGAAGUCUAGAGUGCGCAUCGAARCGGCUGUAGCGACCUCACAG
UAGCAGCGGACUCCCCUCUUGGUGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACU
GCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACACUCUUUACGGAACCAGAGGAUGGUUU
UCUUAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGG
AGACCARUUGACUGUGCUUUACACCGUCACUUUGGUUURAAAACUGUCACAGCUUCUCCAAACCAAG
UGGUCUUGGUUUUCCAUUUUUGUUGACUGGCARAU

(&)

UUUCAAAGGCGGGCCUGGGGGUGUGGGUCGCGGCACACAGUCAUGUGUGUCGCGGUCCACUCCCUCA
GCAACCCGUCUUUGGACGUGGGUACUACGAUAGUGCCAUCCAAUUCCCCUAACCUUGUUACCUUCCG
AGCGACCUCCAACACCCGAGGUGCUCACCACCCUGUAAGGAAAAAUGARAUUUCGUCUGGUGLUGGC
UAACAGAUAAGAUCUAGCAUUUUCCGGCCCAGGCUAAGAAACCUCUAUAAAGUAGAUCGAUAARACUU
AAAUUGGCGAACUGUACAAAGARCGGUCCUCUACCUUGCCGCCACACACACCCAACCCUAAAAUUUG
GCCUUUAGUGUGUGGCCCCUUGUGUAUGACCUCAACUCUUGCGUACACGCGGAAUUUAACATCUUUC
CGCUGARAGGAGUUUUCGUGCCUCCCCGAUUAUGUGAUGCUCGUCCUUUGCUGGGCGGAGCAACGCA
CGAAACAAGCCUUUUCUUUACUAAUGGAAUCCAAUUCCCCCGGUCURAAGCCGCUUGGAAUAAGACAG
GGUUAUUUUCACCCCCUCUUCUUCUACUCUCACAGAGCUCUAUUCUGUGAGAAGGGAAUGUUGCGCL
CCUCCUUCUUGGGAGCUCGCUUGGCGGUCUUUCCGUCUCUGUGCAAGAGCGAGUGCGCAAUGUGUUA
GAAGGUGAAGAAAGAUAUUUUGGGACUAACGUUUGACACGGAACGARAACGUCUGUAGCGACCUCAC
AAAGGCAGCGGAACCCCCCUCCUGGUGACAGGAGCCUCUGCGGCCARAAGCCACGUGGUUAGCAGCC
ACCUUUGUGAGCGGCGUGAACCCGACGCCACGGUUUCGUUGUGUGACACUCACUACCCCCAUUCGGU
CUUUCUUAAGCCCUAACACAGGUCCACCAAGARAUGUCCUGAAGGUACCUCUUCGGAGAUCUGAUCAG
GAGCUUCAUGCCGGUGCUUUACACCGGUUCGGAAGUUARAAACUGUCACAGUGGACCCAAAUCUAGA
UGGUUCUAGAUUUCUAUUGGUUUUAAAAUUUCAUU

cardiovirusk
l;red-
backedvoleca
rdiovirus

Sz}

CUAGACUUUCUACCCUCUUGAAUGGCGAAUUCCAGAGUAAAGUCACCUCUGCCUUGCCGCUAUACAL
ACCCAACCAAUCGAUUCGGCCCCACGUGUAUAGCCCCUUGGUCAAGUGACCUCUUACGUCUGGACGC
GGAUUUAAGACCUGAAUAUCCGCUGAAAGUUAACACCAUGUUUGCCLCCGAUUAUGUGAUGUUUCUGC
UCUUGCUGGGCGGAACAUCCGUCGGGAUGCCAAAGCAATUUGUGUCCCCUUCUUUCUUUGGACUUCG
GUCCCCCGGUCGAAGCCGCUUGGARUAAGACAGGGUUAUUUUCCCUCCUUCCUCUCUUCUACUUUGU
UAAGCUCUAUUUAACAAAAGGGUAUGUCUGGCCCCUCCCUUCUUGGGGAAUGUGCGCGGCGGUCUUU
CCGUCUCUCGAAAAGCGUGCAUGCCAGAUGCAAGAGAAGGUGAAGARAGUAAGUUGUGUCUAACGUU
AAGACAGGAACGAAUGUGUCUGUAGCGACCUCUCAAAGGCUGCGGUCUCCCCACCUGGUAACAGGUG
CCGCAGCGGCCAARAGCCACGUGGUUAACAGCCACCUUUGAGAGCGGUGCAACCLCCAGCACCACACU
UUCGUUGUUGUUUUCUCACUAACCACAACUCGCUUCUCUGAAGCCCUCUUGUAGAGUUGCCAAGAAU
GUCCAGRAGGUACCCCGGUCCACGGGAUCUGAUCUGGAGCUCCAUGCGUGUGCUCUACACACGUUCG
GGAGUUAAAAACUGUCACAGCAACUCCAAACUAGGUGGUCCUAGUUUUCACUUUUAUUUGUCAAGUC
AUAUGGUGAUGGUUAAAGGAGAACGACA

cardiovirusF
1;grey-
backedvoleca
rdiovirus

€]

UUUAAAACAGCCUGUGGGUUGCUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUUUACGG
AAUCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCAAACAGUAAUUUAGAAGUUUAAUGCAUUUAUGG
CCAGUAGCGGGCAUGACGCACCAGUCAUGUCUUGGUCAAGCACUUCUGUUUUCCCGGACUGAGUAUC
AAUAARACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCUARCUACUUCGAGAAACCCAG
UAACACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGUAAACCCCACGGGCGACCGUGACAGUGGLCUGCGUUGGCGGCCUGCCCAUGGGACRAACCCAUGEG
ACGCUCUAAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUG
CGGCUAAUCCUAACUGCGGAGCACACACCCUCAAUCCAGGGGGCAGUGUGUCGUARCGGGCAACUCU
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUUGUGGCUGCUVUAUGGUGAC
AAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCAAUUGUGUAU
UUAUUUGCUGGAUUUGUUCCAUUAUCAUACACAUCUUUUAAUACUUUAUACUUUAUUAUAAAAUUGA
ACACAAGAAA

coxsackievir
usA4

UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUCGCGGU
ACCUUUGUGCGCCUGUUUUAUGACCCCUCCCCAACCGARACUUAGARGUUACACAUACCGAUCAAUA
GUGGGCAUAGCACGCCAGCUGUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCUAACUACUUCGAGAAACCUAGUAACAL
CAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCUAUGGGAUGACCCAUAGGACGCUU
CAACACAGACAUGGUGUGARAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCUAACUGCGGAGCACGUGCCCUCAAGCCAGAGGGUGGCGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGAGUCCGUGUUUCCUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCGAUUGUAUACUCUUUU
GUGGGUUUUGUGCCAUUAARAUCUUACUGUGAUUACCACACUGAAACUCAUCUUGCAGUUUAAUACAG
CARA

coxsackievir
usAS5

(&)}

UUAAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCUAGCACACUGAUUUCCCGGA
AUCCUUGUGCGCCUGUUUUAUAUCCCCUCCCCCAUGCGCAACUUAGAAGCAAUCUACACCUUCGAUC
AAUAGCAGGCGUGGCGCGCCAGCCAUGUCUAGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAR

coxsackievir
ushA6
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UARACUGCUCACGCGGUUGAAGGAGAAAAUGUUCGUUACCCGGCUAACUACUUCGAGAAACCUAGUA
GCACCAUGAAAAUUGCAGAGCGUUUCGCUCAGCGCUUCCCCCGCGUAGAUCAGGCUGAUGAGUCACU
GCAUUCCUCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGAL
GCUCUAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCG
GCUAAUCCUAACUGCGGAGCACAUACCCCCAAACCAGGGGGCGGUGUGUCGUAACGGGCAACUCUGC
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAR
UUGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAAUAACAGAGCCUUGAUAUACCU
UUUUGUAGGGUUUAUACCACUUACUCUUCGCGUUGUUGAGACUCUAAAGUACAUUCUAAUCUUGARAC
ACUAGARA

2 | UUUAAAACAGCCUGUGGGUUGUCCCCACCCACAGGGCCCACUGGGCGUUAGCACUCUGGUAUUACGG coxsackievir
UACCUUUGUGCGCCUGUUUUAURACCCCUCCCCAACUGUAAAUUAGAAGCARACACACGUCGAUCRAU usA7

2 | AGUAGGCGUGACGCACCAGUCACGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGACCAACUACUUCGAARAACCUAGUAGCA
CCAUGAAGGUUGCGGAGUGUUUCGCUCGGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGEUGGCUGCGECUGGCGGLCUGCCUAUGGGGUAACCCAUAGGACGCU
CUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCGCGCGCCCCCAUUCCAGGAGGUAGCGCGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUAUUCUGGCUGCUUAUGGUGACAAUUG
ACAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUCACAAGCAGAGCGAUUAUCUACCAAUU
UAUUGGAUUUAUCCCACUGCACACUCGUGAAUAURACACAUUACUGCUGAUACUGAGUUUGGACAAA
GCAAA

[e2}

2 | UURAARACAGCCUGUGGGUUGCACCCACCCACAGGGCCCAAUGGGCGUCAGCACUCUGGUACCGAGGU coxsackievir
ACCUUUGUGCGCCUGUUUUAUUUCCCCUUCCCCUGAUGCAACUUAGAAGCUCCGAACUAAUGAUCAA usAg

3 | UAGUAGGUGUGGCACGCCAGCCACAUCUUGAUCAAGCACUUCUGUUUACCCGGACCGAGUAUCAAUA
AGCUGCGCAAGCGGCUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAGAAGCUUAGUACC
ACCAUGAACGUUGCAGAGUGUUUCGUUCAGCACAARCCCLGGUGUAGAUCAGGCCGAUGAGUCACCGL
GUUCCCCAUGGGCGACCAUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGAGCARUCCAUGGGACGC
UCUAAUACUGACAUGGUGCGAAGAGCCUAUUGAGCUAGUUGGUGAUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAUGCGCCCACAAGCCAGUGGGUGGUGUGUCCUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUULCCUUUVUAUCUUUACAUUGGCUGCUUAUGGUGACAAUU
GAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCARUAGAGCGAUUAUAUACCUAU
UUGUUGGAUUUGUUCCAUUGACARUAUAGAUCUCUUAACACUCUACAACACAUCUUGAUCUUGAACAC
GAGAAA

[}

2 | UURAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCUAGCACUCUGGUACCGUGGU coxsackievir
ACCUUUGUGCGCCUGUUUUAUACCCCCUUCCCCGUUUGAACAUUAGAAGUAACGCACCUCGAUCAGU usAlQ

4| AGCAGGCGCGGCGCACCAGCCCUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCRAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGAGAAACUUAGUAGCA
CCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCCCCAGUGUAGAUCAGGCUGAUGGAUCACC
GCGUUCCUCACGGGUGACCGUGGCGGUGGUCGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGAC
GCUCUARUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCG
GCUAAUCCUAACUGCGGAGCACGUGUCCCCAACCCAGGGGAUAGCGUGUCGUAACGGGUAACUCUGC
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUCCUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCUAUAAUAUAUCUU
UUUGUUGGGUUCGUACCCCUCAAUUUUGAGGUUGUUCUCACAUUAAAGUACAUCUUGGUGUUAAAUA
UCAGAAG

(e

2 | UURAARACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUACUACGGU coxsackievir
ACCUUUGUGUGCCUGUUUUAAGCCCCUACCCCCCACUCGUAACUUAGAAGGCUUCUCACACUCGAUC usAl2

5 | AAUAGUAGGUGUGGCACGCCAGUCACACCGUGAUCARGCACUUCUGUUACCCCGGUCUGAGUACCAR
UAAGCUGCUAACGCGGCUGAAGGGGAAAACGAUCGUUAUCCGGCUAACUACUUCGAGRAAACCCAGUA
CCACCAUGAACGUUGCAGGGUGUUUCGCUCGGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACC
GUAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLCGGCCUGCLCCAUGGGGUGACCCAUGGGAL
GCUCUAARUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCG
GCUAAUCCUAACUGCGGAGCACAUACCCUUAAUCCAAAGGGCAGUGUGUCGUAACGGGCAACUCUGC
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAR
UUGAAAAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAAUAGAGCUAUUGUAUAUCU
UUUUGUUGGUUACGUACCCCUUAAUUACAAAGUGGUUUCAACUUUGAAAUACAUCCUAACACUARAU
UGUAGARA

(o)}

2 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUCUGCGGG coxsackievir
6 | AUCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCCAAACUAGGUAACUUAGAAGAUUAGCACUUGUAU usAl4

6 | GACCAAUAGUAGGCGUGACGCGCCAGUCAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACUGAGUA
UCARAUAAGCUGCUUGCGCGGCUGARGGAGARAACGUUCGUUACCCGGCUARCUACUUCGAGAAACCU
AGUAACACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGU
CACUGCRAACCCCACGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGUCAACCCAUA
GGACGCUCUARAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAA
UGCGGCUAAUCCUAACUGCGGAGCACACGCUUGCAAACCAGUGAGUAGUGUGUCGUARUGGGCAACU
CUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCAUACUGGCUGCUUAUGGUG
ACAAUUGAAGAAUUGUUACUAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGUAACAGAGCGAUAAUCU
ACUCCUUUGUUGCAUUUGUUCCACUAACCCUUACUACAUUAGACAUUCUACAAUACAUACUUUAUCU
CAACUCCAAGAAACGAARC
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UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGAUUCUACGGA
AUCCUUGUGCGCCUGUUUUAUGUCCCUUCCCCCAAUCAGUAACUUAGAAGCAUUGCACCUCUUUCGA
CCGUUAGCAGGCGUGGCGCACCAGCCAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACCGAGUAUC
AAUAGACUGCUCACGCGGUUGAGGGAGAAAACGUCCGUUACCCGGCUAACUACUUCGAGAAGCCUAG
UAGCACCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGCGAUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUGUGGGGUAACCCACAGG
ACGCUCUAAUAUGGACAUGGUGCAAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUG
CGGCUAAUCCUAACUGCGGAGCACAUACCCUCGACCCAGGGGGCAGUGUGUCGUAACGGGCAACUCU
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUVUAUGGUGAC
AAUUGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCUAUUAUUUAC
CUAUUUGUUGGGUAUAUACCACUCACAUCCAGAAARAACCCUCGACACACUAGUAUACAUUCUUUACU
UGAAUUCUAGAAA

coxsackievir
usAlb

UUAAAACAGCUGUGGGUUGUCACCCACCCACAGGGUCCACUGGGCGCUAGUACACUGGUAUCUCGGU
ACCUUUGUACGCCUGUUUUAUACCCCCUCCCUGAUUUGCAACUUAGAAGCAACGCAAACCAGAUCAA
UAGUAGGUGUGACAUACCAGUCGCAUCUUGAUCAAGCACUUCUGUAUCCCCGGACCGAGUAUCAAUA
GACUGUGCACACGGUUGAAGGAGAAAACGUCCGUUACCCGGCUAACUACUUCGAGAAGCCUAGUAAC
GCCAUUGAAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCCGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUARCCCAUAGGACGC
UCUAAUACGGACAUGGCGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGC
UAARUCCUAACUGCGGAGCACAUACCCUUAAUCCARAGGGCAGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUGUAUUGGCUGCUUAUGGUGACAAUU
AAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCAAACAGAGCUAUUGUAUAUCUCU
UUGUUGGAUUCACACCUCUCACUCUUGAAACGUUACACACCCUCAAUUACAUUAUACUGCUGAACAC
GAAGCG

enterovirusA
71

(o2

UUUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACCGGUAUUACGG
UACCCUUGUGCGCCUGUUUUAURUACCCUCCCCCUUGURACUUAGAAGAAARCAARUARACGAUCARAU
AGUAGGCUUAGCGCACCAGCUAAGUCUUGAUCAAGCACCUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGUACCCACGGCUGAAAGAGAAAACGUUCGUUAUCCGGCUAUCUACUUCGGGAARACCUAGUACCA
UCAUGAAGAUUGCARAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGCAUGAGUCACUGCA
UUCCCCACAGGCGACUGUGGCAGUGGCUGCGUUGGCGGLCCUGCCUACGGGGAAALCCCGUAGGACGCU
UUAAUGUUAACAUGGUGCGAAGAGUCUACUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCACGGAGCAGGUGCUCACACUCCAGUGAGUGGCCUGUCGUAACGCGCAAGUCUGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAACUCUAGAGAUAUUAUUUACUUGUUU
GUUGGUUUUAUCAAGUUAARAUAUCACCAGUUACACCACUCUCCUUUACAUUGUACUACUGAACAAUA
GAAAGAGAAA

enterovirusA
76

UUAAAACAGCCUCUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACACCCUCCCCCCUUGUAACUUAGARGAAACAARCARACGAUCAAU
AGUAGGCUUAGCACUCCAGCUAAGUCUCGAUCAAGCACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGUACCCACGGCUGARAAGAGAARACGUUCGUUACCCGGCUAUCUACUUCGGGARAACCCAGUACCA
UCAUGAAGAUUGCARAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACUGCA
UUCCCCACAGGCGACUGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGARACCCAUAGGACGCU
UUAAUAUUGACAUGGUGCGAAGAGUCUACUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACCACGGAGCAGGCGCUCACACUCCAGUGAGUAGCUUGUCGUAAUGCGAAAGUCUGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAURUAGCUAUUGGAUUGGCCAUCCGGUGAAUUCUAGAGAUAUUAUUUACUUGUUU
GUUGGUUUUACCACAUUAAACAUUACCAAUUACAGAACUCUCCUCUACAUCCUGUUAUUGAAUAAUA
GAAAGAGAARA

enterovirusA
89

UUAAAACAGCUCUUAGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUCACG
GUACCUUUGUGCGCCUGUUUUAUACCCCCCUCCCCCAUGUAACUUAGAAGCUAUUARAUAAAGUUCA
AUAGAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAG
ACUGUUCCCACGGUUGAAAGUGGCAGAUCCGUUAUCCGCUUUGGUACUUCGAGARACCUAGUAUCAU
CUUGGAAUCUUCGAUGCGUUGCGUUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGG
ACGAUCCUCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCGAARGCUACAGGAC
GCUAGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUAUCAAAGAGUCCUCCGGLCCCUGAAUGCGG
CUAUUCCCAACCACGGAGCAAGUGCUCACARACCAGUGAGUGGCUUGUCGUAACGCGCAAGUCUGUG
GCGGAACCGACUACUUUGGGUGLCCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAY
CUAAGAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGAUAUCAUAUAUUCAU
UUGUUGGUUUUGUUAAACUAGACUCAACUACAUUCAAGUCUCUUCUCUUCAUCAUACAAUUGAAUAA
UAGAAAGAGAAA

enterovirusA
90

~J

UURAACAGCUCUAGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCUUUCCCCAUGUAACUUAGAAGUUAUUAAACAAAGUUCAAUA
GAARGGGGGUACAAACCAGUGCCACCACGAACAAGCACUUCUGUUUCCCCGGUGARAGCUGUAUAGACU
GUCUCCACGGUUGAAAAUGGCAGAUCCGUUACCCGCUUUGGUACUUCGAGAAACCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
AUCCUCACUGGUGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUGAAAACCACAGGACGCU
AGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUACCAAAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAGCAAGUGCCUUCAAACCAGUAGGUAGCUUGUCGUARACGCGCAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUCAUGGCUGCUUAUGGUGACAAUCUAR

enterovirusA
91
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GAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGAUCUCAUAUACCUUUUUGU
UGGUUUUACUAAAUUARAUAUUACCACGUUCAAGACACUUCUCCUUAUCAUACARCURAAAUAGUGAG
AAGAGARA

UUUARAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACGCGGCGUUAGUACUCUGGUAUCACGG
UACCUUUGUAUGCCUGUUUUAUCUCCCUUCCCCCGUAACGUUAGAAGARUGAACAAAARGACARUUAG
CARAUCCACCAACCCAGGUGGGUUUUCGUCAAGCACUUCUGUUUCCCCGGACCUAGUACCAAUAAGC
UGUGCCCACGGCUGAAGGGGAARACGUUCGUUAUCCGGCUACCUACUUCGAGAAGCCUAGUACCACC
AAUGAUUGUCUCAAGUGUUACGCUCAGCACAACCCCAGUGUAGUUCAGGUCGAUGAGUCACCGAAUU
CCCCACGGGCGACCGUGUCGGRUGGCUGCGUUGGCGGCCUGCCUGCGAGUUUCACUCGCAGGACGCUU
GAUUCAUGACAUGGUGCGAAGAGCCUAUUGAGCUAGGCAGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAGCCAUGCGUCACAAACCAGUGGCGUCAUGGUCGUAACGAGCAAUUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAUUUACCUUGGCUGCUUAUGGUGACAAUCUA
GAGUUGUCAUCAUAUAGCGAUUGGAUUGGCCAUCCGGAUAUUACUUUGUGUGAUUUAUCUCUUGCUC
GUAAGCAAUUUUAAAUAGUUUAUAGCAUCAUU

enterovirusA
92

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUUCACGGA
AUCCUUGUGCGCCUGUUUUACACCCCCUCCCCCCAACUCAGUAACUUAGAAGUUGUAAACACACGUG
GCCAACAGCGGGCGUAGCGCACCAGCUAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACAGAGUAU
CARUAAGCUGCUUGCGCGGCUGAAGGAGAARAUGUUCGUUACCCGGUCAACUACUUCGAGARACCUA
GUAGCAUCAUGAAUGUUGCGAGGCGUUUCGLCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUC
ACUGCACUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUGACCCAUGS
GACGCUUCAAUACGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGAUAAUCCUCCGGCCCCUGAAU
GCGGCUAAUCCUAACUGCGGAGCACAUACCCUCAACCCAGGGGGCGGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUACUUAUACUGGCUGCUUAUGGUGA
CAAUUGAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUARACAGAGCUAUUAUAUA
UUUAUUUGUUGGAUUUGUUCCAUUAACAUACACAUCUUUCAGCACUUUACACCUCAUUUUACAAUAC
AAUACAAGAARA

enterovirusA
120

~J

UUUAAAACAGCUCUGGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUUACG
GUACCUUUGUGCGCCUGUUUUAUAUUCCCUUCCCCACGCAACUUAGAAGUUAUUAAACAAAGUUCAA
UAGAAGGGGGUACAARACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAGA
CUGUUCCCACGGUUGARAGUGGCAGAUCCGUUAUCCGCUUUGGUACUUCGAGAAACCUAGUARUCACC
UUGGAAUCUUCGAUGCGUUGCGCUCAGCACUCAAUCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGA
CGAUCCUCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUGARAGCCACAGGACG
CUAGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUACCAAAGAGUCCUCCGGCCCCUGAAUGCGGC
UARUCCCAACCACGGAGCAAGCGCUCACAAACCAGUGAGUAGCUUGUCGUAACGCGCAAGUCUGUGG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUC
UAARGAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUUCGGUGACUAAUAGAGACCUUGUGUAUCUAUU
UGUUGGUUUUACCAAACUAAAUACUAUUACACUcAAAACACUCCUUCUUAUUAUACAACUUAAUAGU
AGAAAGAGAAA

enterovirusA
121

UUAAAACAGCCUGUGGGUUGUACCCACCCGCAGGGCCCACUGGGCGCUAGUACACUGAUAUCACGGU
ACCUUUGUACGCCUGUUUUAUCUCCCUACCCCCAUCGUAACUUAGAAGCUUAACAAUACAGAUCAAU
AGCCUCUGCACCAAACCAGGUGUGGAAUGAUCAAGCAUUUCUGUUACCCCGGACCUAGUACCAAUAG
GCUGUGUCAARACGGCUGAAGGGGAAAAAGUUCGUUACCCGGCCACCUACUUCGAGAAGCCUAGUAGC
AUCACUGAAGCUGUGAAGCGUUACGAUCAGCACAACCCCAGUGUAGUUCAGGUCGAUGAGUCACUGC
AUUCCCCACAGGCGACUGUAGCAGUGGCUGCGUUGGCGGCCUGCCCUUGGUCUCUGACCAAGGGACG
CUUUGGAGUGGAUAUGGUGCGAAGAGCCUAUUGAGCUAGGUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACCCCGGAGCUGGUGCACACARACCAGUGUGUGGCCAGUCGUAAUGAGCAAUUCUGGG
AUGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUCACUUACCUUGGCUGCUUAUGGUGACRAAU
UGUAUAGUUGUCAUCAUAUAGCUAUUGGAUUGGCCAUCCGGAUAUUAUUCUUGUGUUUAUUUGUGUA
AUUUGAUAUAAUUUAGAACCCUGUAUAAGA

enterovirusA
122;simianvi
rusl9

UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACUCUGGUAUUACGGU
ACCUUUGUACGCCUGUUUUACAACCCUUCCCCCAUGUAACUUAGAAGCAACAAAUAAACGACCAAUA
GCACACUCACCAAUCCAGAUGAGUGAUGGUCAAGCACUUCUGUUACCCCGGGCUUAGUACCARUAGA
CUGCCAUCGCGGUUGAAGGGGAAAACGCUCGUUAUCCGGCUCUCUACUGCGAGAARGCCUAGUAACGC
CUUAGARAUGCUCAAGCGUUGCGCUCAGCACAACCCCAGUGUAGCUCAGGUCGAUGAGUCACUGCAU
UCCCCACGGGCGACCGUGGCAGUGGCUGCGUUUGCGGCCUGCCUACAGCUCUACGCUGUAGGACGCU
UGUGUAUGGACAUGGUGUGAAGAGCCCAUUGCGCUAGGGAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCCCGGAGCUGGUGCUUGUAAACCAACAAGUGGCCAGUCGUAAUGGGCAACUCUGGGAU
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAUUUACCUUGGCUGCUUAUGGUGACAAUCU
AGUGUUGUUGCCAUAUAGCGAUUGGAUUGGCCAUCCGGAUAUUGUUUUAGACACUUGUGUUUGUGAG
UAGAUCUCUUCUGACAUAGGAURUAACA

enterovirusA
123;simianvi
rus43

UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUUUCCCUUCCCCAUUGUAACUUUAGARGAAACAAAACUGGAUCAAUA
GCCCAUCACCCAAACCAGGGUGGUGACGAUCAAGCACUUCUGUUUCCCCGGAUCUAGUAUCARUAGA
CUGUUAGCACGGUUGAAGGAGAACGAUUCGUUAUCCGGCUCACUACUUCGAGAAGCCUAGUACCACU
AUGAAAGUGAARAUAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGCCGAUGAGUCACUGCAUU
CCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUGUGGGUCCCCCCACAGGACGCUAA
UUCAUGGACAUGGUGCGAAGAGCCUAUUGAGCUAGUGAGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACCACGGAGCAUCCGCUGGCAGUCCAGCCAGUAGGGUGUCGUAACGGGUAACUCUGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACUUACUUUGGCUGCUUAUGGUGACAAUUUAC

enterovirusA
124;simianvi
rus46
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GGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGAUUAUAAACACACAAUACUGUUAUUUUUUC
CUUUUUGGGAUUUCUUCCCUUGAGUUUUACUAAUUAUUUUAUCUUGUUAAUAGUUUUAAAGUUGAAU
ACAUU

UUAARACAGCCUGUGGGUUGUUCCCACUCACAGGGCCCAAGUGGCGUAGAACUCUGGUAUCACGGUA
CCUUUGUUCGCCUAUUUURAARACCCCCCCCCCCGUAACUUAGAAGARUGAACAARACRAAACUCAGUA
GUAGGUAAUGCAUCCAGCAUUAUCACGAGUUAAGCACUUCUGUUUCCCCGGUGAUGGAGAUAGGCUG
UACCCACGGCUGAAACUCUAUGAUCCGUUAUCCGGUAUGGUACUGCGAGAAGUCUAGUACCGUCAUG
AAAGUUGCUAAGCGUUACGCUCCCCAGUAACCCCAACUGGUAGUUCUGGCUGAUGAGUCUGGGCACU
CCCCACAGGCGACUGUGGCCCAGGCUGCGUUGGCGGCCAGCUCAUCCUCAUUGAGGGUGAGACGCUU
AAAUACAGACAUGGUGAGAAGAACCUAUUGCGCUACCAUAUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCAACCUCGGAGCAUUCAACUGCAAACCAGCAGUGAGAGUGUCGUAACGCGAAAGUCCGAGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACCUUUUGAUGGCUGUUUAUGGUGACAAUUU
AGAGUAUUCAGAUUGUCAUCAUAAACUACUAGGUCUUGCCAACCGGUCUAUAAUAUAUUAUUUUGUU
GGAUUUGUUCCACUCACGCCAAUUAUUUACAAAAUUUUGCUUAGAUUCCUACUCGCAAACUUAAGAU
AUCAAAG

enterovirusA
125;baboonen
terovirusAl3

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAAL
AGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCRARAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACA
CCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGALCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGE
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACCAAUAGAGCUAUUAUAUAUCUCUU
UGUUGGGUUUAUACCACUUAGCUUGAARAGAGGUUARARACAUUACARUUCAUUGUUAAGUUGARUACA
GCAAA

coxsackievir
usB3

[ee]

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUACAUCCCCUCCCCAAAUUGUAAUUUAGAAGUUUCACACACCGAUCAUUA
GCAAGCGUGGCACACCAGCCAUGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CCGCUAACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAAARACCUAGUAACAC
CAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCCACGGGCGACLCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUACGGGGAAACCCGUAGGACGCUC
UARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAARUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACAUACCCUCAAACCAGGGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACARUUGA
CAGGUUGUUACCAUAUAGUUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAAUUAUAUAUCUCUUU
GUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAARAACACUACAUCUCAUCAUUAAACUAARUACARA
CARA

coxsackievir
usBl

fee]

UURAARACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUCUACCCUUGCCCAAUGCAACAUAGAAGCUUAGUCCARAAGGUCAAU
AGGCAGCCCAGUGCACCAACUGGGUCCAGACCAAGCACUUCUGUUACCCCGGACCAAGUAUCAGUAG
GCUGCUCACGCGGUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAAACCUAGUAGCAC
CAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAGCCCCAGUGUAGAUCAGGUCGAUGAGCCACCGCAU
UCCCCACGGGGUGACCGUGGCGGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGC
UUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCGUGCGCUUGCAACCCAGUGAGUAGCACGUCGUAAUGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUVUAUUCCUUGUCUGGCUGCUUAUGGUGACRAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCUAACAGGGCGAUCAUUUACCUGUU
UGUUGGUUUCAUACCCUUGAAUCUUGAGGUUUAURAAUACCCUCACUCUUAUAAUAAAACUCARUACA
UCAAG

coxsackievir
usB2

UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCRAUGGGCGCUAGCACACUGGUAUUCCGGU
ACCUUUGUGCGCCUGUUUUAUAACCCCCCCCCAGUUCGCAACUUAGAAGCAAAGAAACAAUGGUCAA
UUACUGACGCAGCAACCCAGCUGUGUUUUGGCCARGUACUUCUGUGUCCCCGGACUGAGUAUCARUA
AGCUGCUUGCGCGGCUGAAGGAGAAACCGUUCGUUACCCGGCCAACUACUUCGAGAAGCCUAGUAAC
GCCAUGAACGUUGAGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGUUCAGGUCGAUGAGUCACCGC
GUUCCCCACGGGUGACCGUGGCGGUGGCUGLCGUUGCCGECCUGCCUCUGGGGCARACCCGCAGGACGE
UCUGAUACAGACAUGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCACACGUUCGCAAGCCAGCGAGUGGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGAGUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACCUUGGCUGCUUAUGGUGACAAUU
GARAGAUUGUUACCAURUAGCUAUUGGAUUGGCCAUCCAGUGUCAARRUAGAGCARUCARUAUAUCUGU
UUGUUGGUUUCGUUCCCUUGGACUACAGAAAUCUUAAAACUCUUUAUUUCAUAUUGAGACUCAAUAC
GAUAAA

coxsackievir
usB4

[ee]

UURAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCCAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUARAACCCUCUCCCCARUUUGAAACUUAGAAGCAAUACACCUCGAUCAA
UAGUAGGCAUGACACGCCAGCCAUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUA
AACUGCUUGCGCGGUCGAAGGAGAAAACGUCCGUUACCCGACUAACUACUUCGAGAARCCCAGUAAC
ACCAUGGAAAUUGCGGAGUGUUUCACUCAGCACAUUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGUGACCGUGGCGGUGGCUGLCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGALCGL

coxsackievir
usB5
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UUCAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCACGUGCCUCCAUUCCAGGGGGUGGCGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUAAUUUUAUACUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCCAACAGAGCAAUUGUGUACCUUUU
UGUUGGAUUUGUACCACUUACCAGAACAAGUUUUCAUACACUGUGUUACAUUAUUAGACUAAACACA
GARAA

2 | UURAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUGCGGU coxsackievir
ACCUUUGUGCGCCUGUUUUACCCACCCUCCCCCAACGUAACUUAGAAGCCUGACAUAUACGGUCACA usB6

5| AGCCAGCCCAGUACGCCAACUGGGUACCGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAA
GCUGCCAAAGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAACA
CCAUGARAGUUGCGUAGCGUUUCAUUCAGCACAAUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGCAAACCCAUGGGACGC
UUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UARUCCUAACUGCGGAGCAGGCACUCGCAGACCAGCGAGCAGCUUGUCGUAAUGGGCAACUCCGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUAUUUCCUUUACACUGGCUGCUUAUGGUGACAAUU
GAGAAAUUGUUACCAUAUAGCUAUUGGAGUGGCCAUCCGGUGACUAACAGAGCARUARUAUAUUUGU
UUGUUGGCUUUGUGCCACUUAAUUUGAAGGUUGUUAAGACGCUCAAUCUGAUACUACUUCUARAUAA
AGCAAA

[eo]

2 | UUUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGCGCCACCGGGCGUUAGCACACUGGUAUCACGG coxsackievir
8 | UACCCUUGUGCGCCUGUUUUAUAACCCCACCCCGAGUARACCUUAGAAGCAAUGCACCUCUGGUCAA usA9

6 | UAGUAGGUGUGACACACCAGUCACAUCGUGACCAAGCACUUCUGUCUCCCCGGACUGAGUAUCAAUA
GGCUGCUCGCGCGGCUGAAGGAGAAAGCGUUCGUUACCCGGCCAGCUACUUCGAGAAGCCUAGUAAC
ACCAUGAAGGUUGCAGAGUGUUUCGCUCAGCACUUCCCCUGUGUAGAUCAGGCCGAUGAGUCACCGC
GUUCCUCACGGGCGACCGUGGCGGUCGCUGLCGCUGGUGGCCUGCCUAUGGGGCAACCCAUAGGALGC
UCUAAUGCUGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UARUCCCAACUGCGGAGCACGCACCCUCAARACCAGGGGGCAGCGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCUAUUGUGUAUCUGU
UUACUGGUUUCAUACCCCUUAAUUACAAAGAAGUCAAAACCCUUCACUUGAUCUUGUUAUUCAAUAC
AACAAA

2 | UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGUUAGCACACUGGUAUCACGGU echovirusl
8 | ACCUUUGUGCGCCUGUUUUAUACUCCCCCCCCURAGGARACUUUAGAAGCAAAGCAAUUGUGAUCAA
7 | UAGUGGGUAUGGCACACCAGUCAUAUCUUGAUCAAGCACUUCUGUUCCCCCGGACUUAGUACCAAUA
GACUGCUCAAGCGGUUGAAGGGGARAACGUUCGUUAUCCGGCCAACUACUUCGAGARACCUAGUAGC
ACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGU
AUUCCCCACGGGCGACCGUGACGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUARCCCAUGGGALCGL
UCUAAAACAGACACGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
CAARUCCUAACUGCGGAGCACAUACUCCCAAUCCAGGGAGCAGUGUGUCGUAAUGGGUARACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCACAUUGACUGCUUAUGGUGACAAUU
GARAGAUUGUUACCAURUAGCUAUUGGAUUGGUCARUCCGGUGAGCARUAGAGCURUUGUUUAUCAAU
UUGUUGGAUUUGUACCACUCAACUUUUCUGUUUUGAGAACACUCAACUACAUCUUACUGCUARACAC
AUCARA

2 | UURARACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUACGGU echovirus2
8 | ACCCUUGUGCGCCUGUUUUACACGCCCCUCCCCARGCARCUUAGAAGUCUGUCACARAUGGUCAAUA
8 | GACAGCUCAACACGCCAGUUGAGUCUAGACCAAGCACUUCUGUCGCCCCGGACCGAGUAUCARUAGA
CUGCUAGCGCGGUUGARAGAGAAAACGUUCGUUACCCGGCCAACUACUUCGGGARACCUAGUACCAC
CAUGAAAGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGCCACCGCAU
UCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGUACAACCCAUGGGACGCUU
CAAUACUGACAUGGUGCGAAGAGUCUACUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCAGGUACCCACGAGCCAGUGGGCAGCCUGUCGUAAUGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCAUUUACUCUUAUACUGGCUGCUUAUGGUGACAAUCAC
GGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCGAUUAUAUUCCUUUUU
GUUGGUUUUGUACCACUCACCGUCACGAGCUUUACAACGCUAAACUACAUUUUGUCAUUGAACACGG
CARG

2 | UURARACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUACGGU echovirus3
8 | ACCCUUGUGCGCCUGUUUUAUAUCCCUUCCCCAAGGUARACGUUAGAAGCAAUGCACUCCCGAUCAA
9 | UAGAAGGUGCGACGCGCCAGUCGUAUCUCGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAARUA
GACUGCUAGCGCGGUUGAAGGAGAARAACGUUCGUUACCCGACUAACUACUUCGAGAAGCCCAGUAGC
GCCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCCGAUGAGUCACCGC
AAUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGAARACCCAUAGGACGC
UCAAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUACUCCUCCGGCCCCUGAAUGLGGL
UAAUCCUAACUGCGGAGCAAGUACUCACAAUCCAGUGGGCAGCUUGUCGUAACGGGURACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUACAUUGGCUGCUUAUGGUGACARUC
AAAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAAAGCAARUUAUAUUUCUUU
UUGUUGGGUUUGUACCCCUUAAUACAACCAGCUUCACCACAUUGUGUUACAUCAUUAGACUGAACAA
GGCAAA

2 | UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCAUUGGGCGCUAGCACCCUGGUAUUACGGU echovirus4
9 | ACCUUUGUGCGCCUGUUUUAUACCCCCAUCCCCARUCGAAACUUAGARAGCAUUACACACUGAUCAAU
0 | AGGAGGCGCGGCACGCCAGCCAUGCCAAGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCAAUAG
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ACUGCUUGCGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAAACCUAGUACCA
CCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGCCGAUGAGUCALCCGCG
UUCCCCACGGGUGACCGUGGCGGEUGGCUGCGCUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCU
CUAAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUGAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACGCUCACAAGCCAGUGAGUGGUGUGUCGUAAUGGGUAACUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAACUUCAUUUUGGCUGCUUAUGGUGACAAUUA
AGAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAGUAGAGCUAUUAUAUACUUGUU
UGUUGGCUUUGUACCACUAAACUAUAAAGUCCUUAGAACUCUUGAUUUUAUACUAAUUUUGAAURAG
GCAAA

2 | UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUGGUACACUGGUAUUAAGGU echovirus)d
9 | ACCCUUGUACGCCUGUUUUAUAUCCCUCCCCCGAUUUGUAACUUAGRAUUAAAGCARACCCGRUCAR
1 | UAGUAGGUGUGGCAAACCAGCCACAUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCARUA
GACUGCUGACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCCAACUACUUCGGGAAACCUAGUACC
ACCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGCCACCGC
AUUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGL
UUCAAUACUGACAUGGUGCGAAGAGUCCACUGAGCUAGUUGGUAUUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAGGCACCCACGAGCCAGUGGGCAGCCUGUCGUAAUGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCAUUUUCUUUUUAUUGGCUGCUUAUGGUGACAAUCA
CGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCAGUAAUAUUCCUUUU
UGUUGGUUUUGUACCACUCACCGUCACGAGCCUCAGAACACUCGUAUUCAUCUURACCCUUAACRAAG
AURAR

2 | UURAARACAGCCUGUGGGUUGCCCCCACCCGCAGGGCCCAUUGGGCGCUAGCACACUGGUAUCACGGU echovirusé
ACCUUUGUGCGCCUGUUUUAUCCUCCCUCCCCAAGUGCAACGUAGAAGCAAGACACAAAAGGUCAAC
2 | AGAUAGCCCAGCACACCAGUUGGGUUUCGACCAAGCACUUCUGUCUCCCCGGACCGAGUAUCRAUAA
GCUGCUCACGCGGCUGRAAGGAGAAAGUGUUCGUUACCCGGCUAGUUACUUCGAGAAACCUAGUACCA
CCAUGARGGUUGCGCAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGRUGAGUCALCGCG
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUAGUAGUCCUCCGGCCCCUGAAUGCGGAU
AAUCUUAACUGCGGAGCAGGUGCUCACAAUCCAGUGGCUGGCCUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUCUUUGUUGGCUGCUUAUGGUGACAAUUG
AACGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAGCAGAUCCAUUAUUUACCAGUU
UGUUGGAUUUGUACCACUUGAUCACAUAGUCUUUAGAACACUUGUCUUUAUUCUAAAUCUUAACAAG
GCAAG

w0

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGUCAGCACCCUGGUAUCACGGU echovirus?7
ACCUUUGUGCGCCUGUUUUAUAUCCCUUCCCCCAAUUGUAACUUAGAAGAAACACACACCGAUCAAC
3 | AGCAAGCGUGGCACACCAGCCAUGUUUUGGUCAAGCACUUCUGUUACCCCGGACUGAGUAUCRAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUCCGUUAUCCGGCCAGCUACUUCGAGAAACCUAGUAACA
CCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCALCCGCU
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGGAACCCAUAGGACGCU
CURAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAUUCCUCCGGCCCCUGRAUGCGGCU
AAUCCUAACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUARUGAGCAAUUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUCUUAUUCUUGUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUGUGUAUCUCUU
UGUUGGAUUUGUACCACUUAAUUUGAAAGARAUCAGGACACUACGCUACAUUUUACUAUUGAACACC
GCAARA

e

2 | UURAARACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUCGCGGU echovirus?
9 | ACCUUUGUGCGCCUGUUUUGUUUCCCUUUACCCCGAARUGGAACUUAGAAGUAAUGCACACUGAUCAR
4 | UAGCAGGCGUGGCACCAGCCACGUGAUGAUCAAGCACUACUGUUUCCCCGGACCGAGUAUCARUAGA
CUGCUUGCGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGAGARACCCAGUAACAC
CAUGAAGGUUGCAGGCGAUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUAACCCAUAGGACGCUCU
AAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUGUUCUCCGGCCCCUGAAUGCGGCUAAY
CCUAACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUAACGGGCAACUCCGCAGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUUGAGA
GAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAAUAGAGCGAUAAUCUACCAGUUUGU
UGGAUUUGUACCACUCAACUUUUCAACACUCAAGACACUCAACUACAUACUAGCACUCAACACAGUA
AR

2 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU echovirusll
ACCUUUGUGCGCCUGUUUUAUACCCCCUUCCCGCAACCGCARAUUUAGAAGCAAAGCUAACCCGAUC
5| GAUAGCGGAUGCGCAUGCCAGCCGCAUUUUGAUCARAGUACUUCUGUUUCCCCGGACCGAGUAUCAAU
AGACUGCUCACGCGGUUGAAGGAGAARRACGUCCGUUACCCGACCAACURCUUCGAGARRACCUAGUAR
CAUCAUGAAUGUUGCAGGGCGUUUCGAUCAGCACGACCCUGGUGUAGAUCAGGCUGAUGAGUCACCG
CAUUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUGACCCAUAGGACG
CUCUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGLCCCUGAAUGCGG
UUAAUCCUAACUGCGGACGACAUACCCCUARUCCAAGGGGCAGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUACUGGCUGCUUAUGGUGACAAU
CUCAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCUGUCAUUUAUCAG
UUUGUUGGCUUUAUACCUCUAAARUCACACGGUUUUUUUUUUUUGGAACGCUUGUAUUCAUCUUAACC
CUCARUAAGGCAAA

el
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2 | UUAAAACAGCCUGUGGGUUGUCCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU echovirusl?2
9 | ACCUUUGUGCGCCUGUUUUAUAUACCCUCCCCUCAGUAACCUAGAAGUUCAUCACAAAUGAUCAAUA
6 | GUUAGCUCAACAAACCAGUUGAGCCUAGAUCAAGCACUUCUGUUACCCCGGGCUGAGUAUCARUAAG
CUGUUGACACGGCUGARGGAGAAAACGCCCGUUACCCGACCAGCUACUUCGGAGAACCUAGUAUCAC
CAUAGAGGUUGCGUAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUUACCCAUGGGACGCUU
CAAUACUGACAUGGUGUGAAGAGUUGACUGAGCUAGCUGGUAGUCCUCCGGCCCCUGARAUGCGGCUA
AUCCUAACUGUGGAGCAAGUGCCCACAACCCAGUGGGUGGCUUGUCGUAAUGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGACCGUGUUUCUCUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUCUC
AGAGUUGUUACCAUAUAGCUAUUGGUUUGGCCAACCAGUGACUAACAGAGCAAUUAUAUAUCUUUUC
AUUGGAUUUAUACCUAUAAACARCACCAGUUAUACCACUUUGUGUUACAUUAUUGGCUUGAACUCGA
AARG

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU echovirusl3
9 | ACCCUUGUGCGCCUGUUUUAUCCACCCCUCCCCGAAGUAACUUAGAAGCUCUAARUARGCGGUCAGE
7 | AGCCAGCCCAGCACACCAGCUGGGUUUUGACCAAGUACUUCUGUUACCCCGGACCGAGUAUCRAUAG
GCUGCACACGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAUCUACUUCGAGAAACCUAGUACCA
CUAUGAARAGUUGCGAAGCGUUUCGCUCCACACAACCCCAGUGUAGAUCAGGCUGAUGAGUCACCGCA
UUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAGAUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCAGGUGCACACAAACCAGUGAGUAGCCUGUCGUAAUGGGCAACUCUGCAGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAGCAGAGCACUGAUAUACCUAUU
UGUGGGCUUUGUACCACUCAACUUUGUCAGCUACACCACAUUGCUAUAUAUUGUCCAACUGAACGCA
AGAAG

2 | UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACAGGGCGCAAGCACACUGGUAUCACGGU echovirusl4
ACCUUUGUGCGCCUGUUUUAUCUACCCCCCCCARRGUARCGUAGAAGCCUGAACAAAGUGGUCACUA
8 | GUAAGCUCGGUAAGCCAACCGAGGUUAGACCAAGCACUUCUGUCUCCCCGGACUGAGUAUCARUAGG
CUGCUAARCGCGGCUGAAGGAGARAACGUUCGUUACCCGACCAGCUACUUCGAGAAACCUAGUACCAC
CAUGGAUGUUGCGCGGCGUUUCGUUCAACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCUC
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCLUGCCCAUGGGGCAACCCAUGGGALGCUY
CAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGUGGAGCAGGCGCUCGCAAACCAGCGAGUAACCUGUCGUARACGGGCAACUCCGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUACCUUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUAAGCAACAGAGCAGUAAUUUACUUGUUC
GUUGGUUUCAUACCACGUGACUUUAAAGUCUUACAAACACUAAACCUCAUAUUAUCAUUUAAUAGUG
CARA

o

2 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU echovirusl5
9 | ACCCUUGUGCGCCUGUUUUAUAUACCCCGCCCCAAGCARACGCUAGAUGUAACGCACUUAUGAUCAA
9 | UAGCAGGCGUGGCACUCCAGCCACGUUAUGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCAAUA
GACUGCUCACGCGGUCGAAGGAGARARACGUUCGUUACCCGACCAGCUACUUCGAGARRCCUAGUAAC
UCCAUGGAGGUUGCAGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGC
GUUCCUCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGUAUACCCAUAGGACGC
UCUAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGEGL
UAAUCCUAACUGCGGAGCACAUACCCCCAALCCAGGGGGCAGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAURUAGCUAUUGGAUUGGCCAUCCAGUGACUARCAGAGCUAUUAUUUACCUUU
UUGUUGGCUUCGUAUCACUUGGUUUAAAAGAGGUUAGUACUUUAUAUUGCAUUAUAUUACUAAACAC
GAGARAA

3 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCAAGCACACUGGUAUUACGGU echoviruslé
0 | ACCUUUGUGCGCCUGUUUUACAUCCCCUCUCCCAUUAUAACUUAGAAGCACAUACARAACGACCAAU
0 | AGGUGGUCCAGCACUCCAGCUGGGCUCUGGUCAAGUACUUCUGUUACCCCGGACUAAGUAUCAAUAA
GCGGCUAACGCGGCUGAAGGAGAAAGCGUCCGUUACCCGGCCAACUACUUCGGGAAAUCUAGUAACA
CCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAAACCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGALCGCU
UCAAUACUGACAUGGUGCGAAGAAUCUACUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCACAUACCCCUAACCCAAGGGGCAGUGUGUCGUAACGGGCARCUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAAAUUGUUACCAUAUAGCUUUUGGAUUGGCCAUCCAGUGACUAACAGAGCUAUUAUUUACUUGUU
UGUUGGCUUUGUACCACUCAACCUUAGAGUUUUAAGGACUCUCAAUUUGGUUCUGCUAUCGAAUACA
ACAAA

3 | UURARACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUGCGGU echovirusl?
0 | ACCUUUGUGCGCCUGUUUUAUAUUCCCUCCCCCUGACCGUAACUUAGAAGUAACACACACCGAUCAR
1| CAGUAAGCAUGGCACACCAGCCAUGUUUUGAUCARGCACUUCUGUUAUCCCGGACUGAGUAUCAAUA
GACUGCUCACGCGGUUGAAGGAGARAACGUUCGUUACCCGGCCAACUACUUCGARAAACCUAGURAL
ACCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGAAACCCAUAGGACGC
UCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGGGGGCAGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCCCUUACUCUUGUAUUGGCUGCUUAUGGUGACAAUU

189



WO 2024/193634 PCT/CN2024/082941

UUGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCGAUUGUAUACCUAU
UCGUUGGACUUGUACCGCUCAACGUUACGAGUCUAACGACUUUAUACUACAUCAUCUGGUUGAACAC
AGCAAA

3 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU echovirusls8
0 | ACCUUUGUGCGCCUGUUUUACAUCCCUUCCCAAUCGUARUUUAGAAGCCARACACUACGAUCARAUAG
2 | UGGGCGUGGCACGCLCAGCCAUGUCUCGAUCAAGCACUCCUGUUUCCCCGGGCCGAGUAUCARUAGAL
UGCUCACGUGGUUGAAGGAGAARACGCUCGUUAUCCGGCUAACUACUUCGAGAAACCUAGUAACACC
AUGGAAGUUGCAGAGUGUUUCGUUCAGCACUUCCCCAGUGUAGAUCAGGCCGAUGAGUCACCGCGUU
CCCCACGGGUGACCGUGGCGGEUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGCUCU
AAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCUAA
UCCUAACUGCGGAGCAUGUACCUCCAAUCCAGGAGGUGGCGUGUCGUARUGGGCAACUCUGCAGCGG
AACCGACUACUUUGGGAGUCCGUGUUUCCUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGAG
AGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAGUUAUCUACCAGUUCG
UUGGUUUCAUUCCAUUGUGUACUCGCGAAUACAACACUCUUCUUUUAAUACUAGAUUUAAACAAAGC
AAA

3 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCRAAUGCGCGCUAGCACUCCGGUAUUACGGU echovirusl9
0 | ACCCUUGUGCGCCUGUUUUAUUUCCCCUUCCCCAACUGAAACUUAGAAGARAUACACAAUGAUCGAC
3 | AGUAAGCGUGGCGCACCAGCCAUGUUUUGAUCAAGCACUUCUGUUUCCCCGGACCAAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUARACCGGCUAACUACUUCGAGAAACCCAGUAACA
CCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCAGUGUGGAUCAGGUCGAUGAGUCACUGCG
UUCCCCACGGGUGALCGUGGCAGUGGCUGCGUUGGCGGLCCUGCCUGUGGGGCAACCCACAGGACGCU
CUAAUACGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGUGGAGCACAUGCCCCUAACCCAAGGGGUGGUGUGUCGUAAUGGGUAACUCCGCAGC
GGAACCGACUACUUUGGGUGACCGUGUUUCCUUUUAUUUUUACAUUGGCUGCAUAUGGUGACGAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCUAACAGAGCUAUUGUAUAUCUUUU
UGUUGGAUUUGUACCACUUGACUUGAAAGAGGUCAGGACACUACAAUACAUUAUACUGCUGAAUACU
GCAAA

3 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUACGGU echovirus20
0 | ACCUUUGUGCGCCUGUUUUAUGUCCCCUCCCCCARUCGCAACUUAGAAGCAACACACACUGAUCAAL
4 | AGUAAGCGUGGCAUACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCRAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAGAAACCUAGUAACA
CCGUGARAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCALCCGCA
UUCCCCACGGGCGACCGUGGCGGEUGGCUGCGCUGGCGGCCUGCCUACGGGGAAACCCGUAGGACGCU
CURAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCCCCAAGCCAGGGGGCAGUGUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUGCUGGCUGCUUAUGGUGACARAUUG
ACAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCCAUUAUAUACCACUU
UGUUGGGUUUAUACCACUCAACUUGAAAGAGGUCRAAACACUACAGCUCAUCAUUARAUUGAACACA
ACAAR

3| UURAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGLCUAGCACACUGGUAUCGCGGU echovirus2l
ACCUUUGUGCGCCUGUUUUAUUUACCCUGCCCUGAUGUAACUUAGAAGCAUGACACCAACGAUCAAU
5 | AGCAGGCUCARAUGCACCARUUGGGUCAAGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCRAUAR
GCUGCUAGCGCGGCUGAAGGAGAAAAAGUUCGUUACCCGGCCAGCUACUUCGAGAAACCUAGUAUCA
CCAUGARAGUUGCGUGGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGEUGGCUGCGUUGGCGGLCUGCCCGUGGAGCAAUCCAUGGGACGCU
AURAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGLGGCU
AAUCCUAACUGCGGAGCAGGUACCCACGAACCAGUGGGCAGUCUGUCGUARUGGGCAACUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUCAACUUGGCUGCUUAUGGUGACARUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUCAUAUACCUUUUU
AUUGGCUUUGUGCCACUUACUCUGAAAGAGGUCAAGACUCUGCAUUAUAUCAUACUAUUGAAUGCUA
UARA

o

3 | UUAARAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACAGGGCGCUAGCACUCUGGUAUCACGGU echovirus24
0 | ACCUUUGUGCGCCUGUUUUAUUACCCCUUCCCCARUUGAARAUUAGAAGCRAAUGCACACCGAUCAAC
6 | AGCAGGCGUGGCGCACCAGUCACGUCUCGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGUGUUCGUUAUCCGGCUAACCACUUCGAGAAACCCAGUAACA
CCAUGARAGUUGCAGGGUGUUUCGCUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCG
UUCCCCACGGGCGACCGUGGCGEUGGCUGCEUUGGCEGLCUGCCUAUCGGUUAACCCAUAGGACGCU
CUARAUACAGACAUGGUGCGAAGAGUUUAUUGAGCUGGUUAGUAUCCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACGUGCCUCCAAUCCAGGGGGUUGCAUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUCG
AGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCGAUUAUAUACCUCUU
UGUUGGAUUUAUGCAGCUCAAUACCACCAACUUUARACACAUUGAAAUAUAUCUUAAAGUUAAACACA
GCAARA

3 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUACUACGGU echovirus25
0 | ACCUUUGUGUGCCUGUUUUAUACCCCUCCCCCUACUGARACUUAGAAGCAAUUCAUACCGAUCAAUA
7| GUGGGCGUGGCACACCAGCCGUGUCUAGAUCAAGCACUCCUGUUUCCCCGGACCGAGUAUCAAUAGA
CUGCUCACGCGGUUGARGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGAAARACCUAGUAACAC
CAUGAAAGUUGCGGAGUGUUUCACUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCUCACGGGCGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCUAUGGGGUGACCCAUAGGALCGLUC
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UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGAUA
AUCCUAACUGUGGAGCAGAUACCCACGAACCAGUGGGCAGUCUGUCGUAACGGGCAACUCCGLCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCAAAUCUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAAUAAUAGAGCGAUAAUAUAUUUGUUU
GUUGGAUUCGUGCCACUUAGUCUGAAAGUUUUGAGAACACUCAACUACGUUUUAUUGCUGAAUAGUG
CARG

3 | UURAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACCGGUAUCACGGU echovirus2e
0| ACCCUUGUGCGCCUGUUUUAUCCACCUCCCCCGUUGUAACUUAGAAGCUCAAUACAARUGGUCGAUA
8 | GCCAGCCCGAUACGCCAAUUGGGUUUUGACCAAGCACUUCUGUUACCCCGGACUGAGUACCAAUAGG
CUGCCAAAGCGGCUGARGGGGAAAACGUUCGUUACCCCACCAACUACUUCGAGARACCUAGUACCAC
CAUGAAGAUUGCGCAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCUACCCAUGGGACACUU
CAAUAUCGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGAUA
AUCCUAACUGCGGAGCAGGCACCCACAAGCCAGUGGGCAGCCUGUCGUAACGGGCAACUCUGCAGEG
GAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGA
AGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGCGACUAACAGAGCUAUUAUCUUCUUGUUU
GUGGGGUACGUACCACUCAAUUUCACAGUAGUAAGGACUCUCAAUUUCAUUUUGUGCUUGAAUAAGG
CGAA

3 | UURAAACAGCCUGUGGGUUGUACCCACCUACAGGGCCCACUGGGCGUCAGCACACUGGUAUCCCGGU echovirus27
0 | ACCUUUGUGCGCCUGUUUUAUAUUCCCCACCCCACGUUGUAACUUAGAAGCAAUGCAAUUUCGGUCA
9 | GUAGUAGACGCGGCAACCCAGUCGUGUUUCGACCAAGCACUUCUGUARACCCCGGACCGAGUAUCAAU
AAGCUGCUCGCGCGGCUGAAGGAGAAACCGUUCGUUACCCGGCUAACUACUUCGAGAAGCCUACUAA
CACCAUGAACGUUGCAGAGUGUUUCACUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCACCG
CGAUCCCCACGGGCGACCGUGGLCGGUGGCUGCGUUGGCGEGCCUGCCUGUGGGGCAACCCACAGGACG
CUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUARACUGCGGAGCACAUGCCCACARACCAGUGGGUGGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUCAUACUGGCUGCUUAUGGUGACRAAU
UGAAAGAUUGUUGCCAUAUAGCUAUUGGAUUAGCCAUCCGGUGUCARACAGAGCAAUUAUUUACCUA
UUCGUUGGUUUUGCACCCUUGAAUUUUAAGGUUCUUAAAACACUUAAUCUCAUAUUAAAACUCAAUU
CAGCAAA

3 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGGU echovirus29
1 | ACCUUUGUGCGCCUGUUUUAUACUUCCUCCCCCAARCUGCAACUUAGAAGUAACACAAACCGAUCAAC
0 | AGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAACACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCCAACUACUUCGAGAAACCUAGUAACG
CCAUGGAAGUUGUGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUUGAUGAGUCACCGCA
UUCCCCACGGGUGALCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGACGCU
CUUAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCLCCUGAAUGLCGGCU
AAUCCCAACUGCGGAGCAUACACUCUCAAGCCAGAGGGUAGUGUGUCGUAAUGGGCAARCUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUUAUAUAUCUUUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACUCUACAUUACAUUUUAAUACUGAACACC
GCARARA

3 | UURAARACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUGGGCGCUAGCACACUGGUAUCGUGGUA echovirus3l
1 | CCUUUGUGCGCCUGUUUUAUACACCCUCCCCAUUUGUAACUUAGAAGUARAGCAAUAUUGAUCAAUA
1 | GCAAGCAUGGCACACCAGCCGUGUUCAGAUCAAGCACUUCUGUAACCCCGGACUGAGUAUCARUAGG
CUGCCARAGCGGCUGAARGGAGAAAACGUUCGUUAACCGGCCAACUACUUCGAGAAGCCCAGUAUCAL
CAUGAAAGUUGCAGAGCGUUUCGCUCAGCACUCCCCCCGUGUAGAUUAGGUCGAUGAGUCACCGCAU
CCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUACCUACGGGGCAACCCGUAGGALGLCUC
UAAUACAGACAUGGUGAGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGAUA
AUCCUAACUGCGGAGCAUGUGCUCGCAAUCCAGCGAGAGGCAUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUUGUUUGGCUGCUUAUGGUGACAAUUGA
AAGAUUGUUGCCAUAUAGCUAUUGGGUCGGCCACCUGGUAUCUAACAGAGCAAUUAUUUACUUGUUU
GUUGGUUUUGUACCCUUARAUCUCAAGGUUCUUGAAACCCUUAACUACACAUUGAAACUCAAUUCAU
UGARA

3 | UGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUACCAAGGUACCUUUGUACS echovirus32
CCUGUUUUAUACCCCCUCCCCGAUCCGAAACUUAGAAGUARAGCAAACCCGAUCAAUAGUAGGUGCG
2 | ACACUCCAGUCGUAUCUCGAUCRAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGACUGCCCACG
CGGUUGAAGGAGAAAACGUCCGUCAUCCGGCUAACUACUUCGAGAAACCCAGUAGCACCAUGGAAGU
UGCAGAGUGUUUCGCUCAGCACUAACCCCGUGUAGAUCAGGCUGAUGAGUCACCGCAUUCCCCACGG
GUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCUCUAAUACGGA
CAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAAUCCUCCGGCCCCUGARUGCGGCURARUCCUARACU
GCGGAGCACAUACUCCUACUCCAAGGAGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACLCGACU
ACUUUGGGUGUCCGUGUUUCCUAUUAACAUAUCACUGGCUGCUUAUGGUGACAAUUGAAAGAUUGUU
ACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCARACAGAGCAAUAGUGUACCUAUUCGCUGGGUUU
AUCCCAUUGACUGUUAAAGAUAUACAAACUCUCUACUUGAUAAUACAACUAAACACUGUAAA

sy

3 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGU echovirus33
ACCCUUGUGCGCCUGUUUUAUGUCCCUUCCCUCAACUGUAACUUAGAAGUAACGCACACCGAUCAAC
3 | AGUCAGCGUGGCACACCAGCCAUGUUUUGAUCAAGCACUUCUGUUACCCCGGACCGAGUAUCRACAG
ACUGCUCACGCGGUUGAAGGAGAAAGUGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGUAACA

i
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CCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UCCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCCUGCCUAUGGGGGAACCCAUAGGACGCU
CURAUACAGACAUGGUGCGAAGAGUCCAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCUUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAGCAGAGCUAUUAUAUACCUCUU
UGUUGGGUUUAUACCACCUAAUUUGAAAGAAGUUAAAACAUUAGAAUUCAUUAUUARAUUGAAUACA
UUUAA

3 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU enterovirusB
1 | ACCUUUGUGCGCCUGUUUUAUACCCCCUACCCCAACUUUAAACUUAGAAGCAAAGCAAACCCGAUCA 69

4 | AUAGCAGAUGUAGCAAGCCAGUUGCAUCUUGAUCAAGUACUUCUGUCUCCCCGGACUGAGUAUCRAU
AGACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGACCAACUACUUCGAGARACCUAGUAA
CACCAUGAAAGUAGCAGGGUGUUUCGAUCAGCACAACCCCAGUGUAGAUCAGGCUGAUGAGUCACCG
CAUCCCCCACGGGCGACCGUGGLCGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACG
CUCUAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCACAUACCCCAAAGCCAAGGGGCAGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCAAACUGGCUGCUUAUGGUGACAAU
CUCAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCAAUUGUCUACCAR
UUUGUUGGAUUUAUUCCACUCARUCUAGCGGUUUUCAGAACAUUGAAUUAUAUUCUARACCCUCAACA
AGACGAR

3 | UUUAAARCAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACGGGGCGCUAGCACACUGGUAUCACGG enterovirusB
UACCUUUGUGCGCCUGUUUUAUAUCCCCCCCCCCAAGUAAACCUUAGAAGCAAUACACACCUGGUCG 73

5| ACAGUGGGUGUGACAAUCCAGUCACAUCAUGACCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAU
AGGCUGCUCACGCGGCUGAAGGAGAAAGCGUUCGUUACCCGGCCAGCUACUUCGAGAAGCCUAGUAA
CACCAUGAAAGUUGCAGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCG
CAUUCCCCACGGGCGACCGUGGLGGUGGCUGCGCUGGCGEGCCUGCCUAUGGGACRARCCCCAUAGGACG
CUCUAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCCAACUGCGGAGCACGCACCCUCARACCAGAGGGCAGCGUGUCGUAAUGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACARACARAGCUAUCAUAUAUUUA
UUCAUUGGUUACAUACCACUUACCCUGAAAGAGAUCAAGACCUUGCACUUUAUCUUAUCACUAAACA
CUGCAAA

[y

3 | UUAAAACAGCCUGUGGGUUGUUCCCACUCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU enterovirusB
1| ACCCUUGUGCGCCUGUUUUAUUCACCCCCCCCARARUGUAACUUAGAAGCAUAACCCARAUGGUCAAU 74

6 | AGACAGCCCAGUACACCAGCUGGGUUUCGGCCAAGUACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAAUUACUUCGAGAAACCUAGUAACA
CCAUGAAAGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCALCGCG
UUCCCCACGGGCGALCCGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGCAACCCAUGGGALCGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCAGAUACCCACAUGCCAGUGGGCGGUCUGUCGUARCGGGCAACUCCGCAGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAAUCUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGGGCGAUUAUUUAUUUGUU
UGUUGGUUUUGUUCCAUUAAACUAUAGAGUUUUGAAUACUCUAGAAUUUAUUAUAACACUCAACACA
ACAAR

3 | UUUAAAACAGUCCUGUGGGUUGUUACCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCAL enterovirusB
1 | GGUACCUUUGUGCGCCUGUUUUAUAUACCCUUCCCCUACUARAGUAACUUAGAAGCAAUUAAACARAG 75

7 | ACCAACAGUAAGCACAGCGCACCAGCUGUGUUUCGGUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGGCUACUCACGUGGCUGAAGGAGAARACGUUCGUUACCCGACCARUUACUUCGAGAAGCCUA
GUAACACCAUGGAGGUUGCGCGGCGUUUCGCUCCACACAACCCCAGUGCAGAUCAGGUCGAUGAGCC
ACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGG
GACGCUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCUARAUCCCAACUGCGGAGCAGAUACCCACGCGCCAGUGGGCAGUCUGUCGUAAUGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUACUGGCUGCUUAUGGUGAC
AAUUGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACGAGCAGAGCUAUUAUUUAC
CUAUUUGUUGGUUUUAUACCAUUGAACUAUAAAGUUUUAAAAACCUUAAACUUCAUCUUAGUACUCA
AUACAGCAAR

3 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGCUAGCACACUGGUAUUCCGGU enterovirusB
1 | ACCCUUGUGCGCCUGUUUUAUCUACCCUUCCCUACUGCAACUUAGAAGUUAAACAGUCACGGUCGAU 77

8 | AGGCGGUUCAGUAAACCAARCUGGAUCUUGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAR
GCUGCUUACGUGGCUGARAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAACCUAGUACCA
CCAUGARGGUUGCGCAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
CUCCUCACGGGCGACCGUGGCGGUGGCUGCECUGGCEGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCARAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACUGCGGAGCAGGUACCCACACACCAGUGGGCAGCCUGUCGUAACGGGCAACUCUGCAGE
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACAAACAGAGCAAUUGUCUAUCUAUU
UGUCGGUUUUGUACCAAUAAAUUUCAAAGUCCUARAAACCCUCAAUUUCAUAUUGUUACUUAACACA
ACAAG
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UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAUAUCGUAACAUAGAAGCAAUGCACUCCCGGUCA
AUAGCUGACGUGACAAACCAGUUGCGUUUUGACCAAGCACUUCUGURACCCCGGACCGAGUAUCAAU
AAGCUGCUUGCGCGGCUAAAGGAGARACCGUCCGUUACCCGGCUAACUACUUCGAGAAACCUAGUAC
CACCAUGAACGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGCCACCG
CAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUGUGGGGCAACCCACAGGACG
CUCUAAUAUAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCACAUACCCCUAAUCCAAGGGGCAGUGUGUCGUAACGGGCGACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUAUAUUGGCUGCUUAUGGUGACAA
UUGCAGAGUUGUUACCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAGCARUAGAGCUGUUAUUUAUCA
AUUUGUUGGAUUCGUCGCACUCARACCACACAGUCUUUAGAACACUCGGAUUUAUCUUGACCCUURAU
ACGAGARA

enterovirusB
79

[\

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGUCAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACUCCCUCCCCCCAACCGUAACUUAGAAGCAGCACUAACUGAUCAA
UAGCCAGCGCGGCAUGCCAGCCACGCUUCGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUA
GACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUCAUCCGGCCAACUACUUCGAGAAACCUAGUAAC
ACCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGC
UCUUAUAUAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGT
UAARUCCUAACUGCGGAGCAUACACCCUCAAACCAGAGGGCAGUGUGUCGUAAUGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCACUUUAUUUCUAAAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACCARUAGAGCUAUUAUAUAUCUCU
UUGUUGGGUUCAUACCACUUAGCUUGAAAGAGGUUAAAACUCUGCAUUACAUUAUACUAUUGAAUUC
CGCAAA

enterovirusB
80

N w

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGCUUGCACACUGGUAUUCCGGU
ACCUUUGUGCGCCUGUUUUAUACAUCCUACCCCCGUAACUUAGAAGCARGAUCACCCGAUCACCAGG
AAAUGUGGCAAACCAGUCACAUUCUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGGCU
GUUCACACGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGARAAACCUAGUAUCACCG
UGAACGUUGCAGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGCUCGAUGAGUCACCGCAUUC
CCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUGCGGGGCAACCCGUAGGACGCUCUA
AUACAGACACGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCURAAU
CCUAACUGCGGAGCGAGCGCUUGUAAUCCAACAGGUAGCUCGUCGUAACGGGUAACUCUGCAGCGGA
ACCGACUACUUUGGGUGACCGUGUUUCCUUUUAUUUCAUUACUGGCUGCUUAUGGUGACAAUCACAG
AGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCARAUAGAGCARUUGUGUUUCUUUUUGU
UGGGUUUGUACCACUUGACUUGACCAGCUACAACACUCUGUGCUACAUUGUUAGAUUGAACACAGCA
AR

enterovirusB
81

N

UUAAAACAGCCUGUGGGUUGCACCCACCCGLCAGGGCCCACUGGGCGCUAGUACACUGGUACCCCGGU
ACCCUUGUACGCCUGUUUUAUUUCUCCCUCCCCCAACCAGUAACCUAGRAGUAAAGCAAACCCGAUC
AAUAGCAGGUGCGACACACCAGUCGUAUCUUGAUCAAGCACUUCUGUAACCCCGGGCCGAGUAUCAA
UAGACUGCUCACGCGGUUGAGGGAGARAACGCUCGUUAUCCGGCUGACUACUUCGAGARACCCAGUA
ACACCAUAGAAGUUGCAGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGGUCGAUGAGUCACC
GCAUUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCLCUAUGGGGCAACCCAUGGGAC
GCUCUAAUACAGACAUGGUGUGAAGAGUCAAUUGAGCUAGUCAGUAUUCCUCCGGCCCCUGAAUGCG
GCUAAUCCUAACUGCGGAGCACGUGCCUCCAAUCCAGGGGGUGGCGUGUCGUAACGGGUAACUCUGL
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUCUUGGCUGCUUAUGGUGACAA
UUGAAGGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUARCAGAGCARUCAUAUACCA
AUUUGUUGGUUUUAUACCAUUGAAUUACAAAGUUCUAAUCACCCUUAAAUUCAUUUUAACACUUAAU
ACGUCARA

enterovirusB
82

o

UUUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGG
UACCCUUGUGCGCCUGUUUUAUAUCCCCACCCCAGUGGAACAUUAGAAGCAGCACACCUAUGAUCAA
UAGUGGGCGUGGCAUCCAGUCACGUUAUGAUCAAGCACUUCUGUGACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAGUUACUUCGAGRAAACCCAGUAACA
CCAUGAAUGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGCCACUGCA
UUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUCACCCAUAGGACGCU
CUAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCLCCUGAAUGLGGCU
AAUCCURACUGUGGAGCACAUUCCCCCAAUCCAGGGGGCAGUGUGUCGUARCGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUCAUAUUGGCUGCUUAUGGUGACAAUUA
CAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAAUUAUUUAUCAAUU
CGUUGGAUUUGUCCCACUCGAUUUCAAAGCAGUCAAUACACUCUCAUAUAUCGUUACACUCAACACA
ACAAA

enterovirusB
83

N w

UURARACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGCCAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUCCACCCCUUCCCACAGUAACUUAGAAGCACACCAUGUAUACGGUCA
AUAGGCGGCUCAGUACACCAACUGGGCCACGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAU
AAGCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAL
CACCAUGAAGGUUGCGCAGCGUUUCGUUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CGUUCCUCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGEGCCUGCCCAUGGGGCAACCCAUGGGACG
CUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUAACUGCGGAGCAGAUACCCACARACCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCCUUACACUGGCUGCUUAUGGUGACAAU

enterovirusB
84

193
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UGAGAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCAGUUGUUUACCUA
UUUGUUGGUUUCGUACCGCUGAACCUUAAAGUUCUAAAGACCCUCAAUUUUAUCUUAGCACUUAACA
CAGCAAA

N

UUAARACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGCUAGCACACUGGUAUUGCGGU
ACCUUUGUGCGCCUGUUUUAUACACCCCUCCUURAUGUAACUCAGAAGUACAACAUUACCGGUCRAC
AGAUGACUCAGUAAACCAACUGAGCCUCGACCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAGUGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUACCA
CCAUGGAGGUUGCGLCGGCGUUUCGCUCCGCACAUCCCCAGUGUAGAUCAGGCUGAUGAGUCACCGCG
UUCCCCACGGGUGACCGUGGCGGEUGGCUGCGECUGGCGGLCUGCCCAUGGGGUAACCCAUGGGACGCU
UCAAUACUGACAUGGUGUGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACCCACACACCAGCGGGCAGUCUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGCUGGCUGCUUAUGGUGACAAUUG
AGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCCAACAGAGCGAUCAUUUACCUGUU
CGUUGGGUUCGUACCACUAAACCACAAGUCACUCAGCACACUUAAUUACAUUAUAACUCUCAACACA
ACAAG

enterovirusB
85

N

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCCUUGUGCGCCUGUUUUAUUUACCCCUCCCCCACGCAACCUAGAAGCAUGACUUAAGCGGUCAAU
AGAUGGCUCAGUAUGCCAACUGAGUUAUGACCAAGCACUUCUGUUACCCCGGACCGAGUAUCRARAUAG
GCUGCUCACGCGGCUGRAGGAGAAAGUGUUCGUUACCCGGCCAGUUACUUCGAGRAAACCUAGUAUCA
UCAUGAAGGUUGCGAGGCGUUUCGCUCCACACGACCCCGGUGUAGAUCAGGCUGAUGAGUCACCGCA
UUCCCCACGGGCGALCGUGGCGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUAUUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGACACCCACAUGCCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCAGE
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCAAUUGUCUACCUGUU
CGUUGGUUACGUACCACUARAAUUAUAAAGUUUUGAACACACUUAAUUUUAUUAUARGCACUUARCACC
UUAAA

enterovirusB
86

N>

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUACACCCUUCCCCUACUGUGACUUAGAAGCAAAACAAUGAUGACCAA
UAGCAAGCGCAGCACUCCAGCUGUGUUUCGGUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUA
GGCCACUCACGUGGCCGAAGGAGARAACGUCCGUUACCCGGCCAAUUACUUCGAGAAACCCAGURAAC
ACCAUAGAGGUUGCGCAGCGUUUCGCUCCGCACUCCCCCAGUGUAGAUCAGGUCGAUGAGUCALCCGC
GUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUARCCCAUGGGACGC
UUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGE
UAAUCCUAACUGCGGAGCAGAUACCCACGCUCCAGUGGGCAGUCUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUU
GAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARUAGAGCAAUUAUAUUCCUGU
UUGUUGGUUUUAUACCACUGAAUAUCACAGUUUACAAGACCCUCARUUACAUCCUACGUUUARACAA
GACAAA

enterovirusB
87

N

UURAARACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUCCGGU
ACUUUUGUGCGCCUGUUUUAUACACCCUUCCCCUUCAUGUAACUUAGAAGUAAAACACAAACGGUCA
AUAGGUAGCUCAGCAAACCAGCUGAGCCUCGGCCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAU
AAGCUGUUAACACGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAAUUACUUCGAGARACCUAGUAA
CACCAUGAAGGUUGCGUAGCGUUUCGCUCCACACRACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CUCUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGEGCCUGCCCAUGGAGCACUCCAUGGGACG
CUUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCAGACACCCACACGCCAGUGGGCAGUCUGUCGUAAUGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAU
CAAGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCUAACAGAGCAAUUGUUUACCUC
UUCACCGGUUUUGUACCAUUGAAUUGCAAUAGUCUCAACACCCUUUGCUAUAUCAUUAAAUUGAACU
CAGCAAA

enterovirusB

88

N

UUUAARAARCAGCCUGUGGGUUGUUCCCaCUCACAGGGCCCACUGGGCGCUAGCACaCUGGUAUCACGG
UACCcUUGUGCGCCUGUUUUACCACCCCUUUCCCCAAAGCAAUUUAGAAGAAAGACUCAACCGGUCA
AUAGACAGCCUAGUACACCAACUAGGCCCUGACCRAAGUACUUCUGUUUCCCCGGACUGAGUAUCRAAU
AGGCUGCUUACGCGGCCGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAC
CACCAUGAAAGUUGCGCAGUGUUUCGCUCCGCACRACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CAUCCCCCACAGGUGACUGUGGCGGUGGCUGCGEUUCGCEGCCUGCCCAUGGGGCAACCCAUGGGACS
CUUCAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUAACUGUGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAAUGGGCAACUCCGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCAUAUUGGCUGCUUAUGGUGACAAU
UGARAAGGUUGUUGCCAUAUAGCUAUUGGAUUGGCCACCCAGUGACURACAGAGCUAUUGUUUAUUUG
UUUGUUGGAUUUGUACCAUUGAAUUACAAGGUCCUUAAUACUCUUAACUACAUCAUARACCUCAAUA
CGACGCG

enterovirusB
93

w

UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUCCACCCUUCCCCARUGUAACUUAGAAGUARAACUAGARAGAUCAAU
AGCAAGCACAGUAUGCCAACUGUGUUAUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGCUAAAGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAAACCCAGUACCA
CCAUGAAGGUUGCGCAGUGUUUCGCUCCACACAAUCCCAGUGUAGAUCAGGUCGAUGAGUCALCCGCG
UUCCCCACGGGCGALCGUGGLCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGAUGACCCAUGGGACGCU

enterovirusB
97

194
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UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUCCUCAAAUUGGCUGCUUAUGGUGACAAUUG
AUAAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCUAUUGUUUAUUUAUU
UGUUGGUUUCGUGCCACUAAAUUACAAAGUUUUUGAAACUCUCAACUUCAUUUUGACACUCAAUARA
GCAAA

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAAUGGGCGCCAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCARUUGUAACUUAGAAGCAACACGCACCGACCAAC
AGUGGGCGUGGCACACCAGCCACGUCUUGGUCAAGCACAUCUGUUUCCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUCGAAGGAGAAAACGUUCGUUAUCCGGCCAACUACUUCGAGAAGCCCAGUAACA
CCAUGAAUAUUGCGAAGUGUUUCGCUCAGCACACUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCUGCCUAUGGGGCAACCCGUAGGACGCU
UCAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACCGCGGAGCAGGCACCCACAAACCAGUGGGCAGCUUGUCGUAACGGGUAACUCUGCGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCAAUUGUUUAUCUAUU
UGUUGGUUUUAUACCGUUAAGUUUUAARAGUCCUARAAACCCUUAACUUGGUCAUACUACUCAACUCA
GCAAA

enterovirusB
98

w W

UURAAACAGUCUGUGGGUUGUUCCCACCCACAGGGCCCACGUGGCGCCAGCACACUGGUAUCUCGGU
ACCUUUGUGCGCCUGUUUUAUCCACCCUAAACCCCGUUGUAACUUAGAAGAUGAGCAACACUGAUCA
AUAGUGGGUGCAACAUGCCAGUUGCAUCACGAUCAAGCACUUCUGUAUCCCCGGACUGAGUAUCAAU
AGGCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAGUUACUUCGAGARACCUAGUAA
CAUCAUGGAGGUUGCGCAGUGUUUCGCUCCGCACACCCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CGUUCCCCACGGGCGACCGUGGLCGGUGGCUGCGUUGGCGEGCCUGCCCAUGGGAUAACCCAUGGGACG
CUUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUAACUGUGGAGCAGACACCCACAUGCCAGUGGGCAGUCUGUCGUAACGGGCAACUCCGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACRAAU
UGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCARACAGAGCARAUCAUUUAUUUG
UUUGUUGGUUUUAUACCUCUGAACUUUAAAGUGCUAAAGACUCUCAAUUUUAUAUUAUAUCUCAACA
AAUCAGG

enterovirusB
100

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCCCUCCCCACUUGAAACUUAGRAAGUGAAACACACUGAUCAAU
AGUUGACAUGGCAAGCCAGCCAUGUCUUGAUCAAGCACCUCUGUUUCCCCGGACCUAGUAUCAAUAG
ACUGCUCGCGCGGUUGARAGAGAAAGCGUUCGUUACCCGGCUAACUACUUCGAGAAACUUAGUAACA
CCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGCCGAUGAGUCACCGCA
UUCCCCACGGGCGALCGUGGLCGGUGGCUGCGUUGGCGGLCUGCCUGUGGGGCAACCCACAGGACGCU
CUAAUACAAACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGLCGGCU
AAUCCUAACUGCGGAGCACGUGCUUCCAAUCCAGGAGGUGGCGUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGCAUUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACARAACAGAGCAAUUAUAUAUCUCUU
UGUUGGAUACAUUCCAUUGAACUACAAGGAGUUAAAAACCCUCAAUUAUAUUCUGUUCUUGAAUUCC
GCRAG

enterovirusB
101

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUGGGGCGCCAGCACACUGGUAUUGCGGU
ACCUUUGUGCGCCUGUUUUAUUCACCCUUUCCCARUGARACUUAGAAGCUUAACUCAACCGGUCGAU
AGACAGCCCAGUACACCAACUGGGUUUUGACCAAGUACUCCUGUUUCCCCGGACUGAGUAUCAAUAA
GCUGCUCGCGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARAACCUAGUACCA
CCAUGAACGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGRAUGAGUCACCGCA
AUCCCCACGGGCGACCGUGGCGGUGGLCUGCGCUGGCGGLCUGCCCAUGGGGCAUCCCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGGGCAGACACCCACACGCCAGUGGGCAGUCUGUCGUAACGGGUAACUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAAUAGAGCAAUUAUAUAUCUCUU
UGUUGGCUUCAUCCCGUUAAAUAAAGUGAGCUACCAGACCCUGUGCUAUAUUAUCARAUUGAACACA
AUAARA

enterovirusB
106

w W

UUUCCCCGGAAGGGUCUAACGCUAUGCUGUAUCCACGGCAGAAGUAUGACCUACCGUUAACCGGCCA
UGUACUUCGAGAAGCCUAGUACCAUUAUGAARAGUUGAUUGAUGUUACGUUCCCCAGCAACCCCAGUG
UAGUUCAGGUCGAUGAGUCUCGGCAUGCCCCACGGGCGACCGUGGCCCUGGCUGCCUUGGCGGECCUG
CCUACCACCUUAUGGUGUAGGACGUCAAGAUACUGACAUGGUGUGARGAGCCUAUUGAGCUACGUGG
UAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUCCGGAGCGUCCGCUAGCAAUCCCGCUAGARAG
GGCGUCGUAAUGCGCARGUCUGGAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUACUUA
UUGUUUGGCUGCUURUGGUGACRACUUA

enterovirusB
110

[VS)

UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUARACCCUUCCCCAAUGCAACUUAGAAGCUCAACUUUACCGGUCAAU
AGACAGUCCAGUACGCCAACUGGGCUUCGAUCAAGCACUUCUGUUACCCCGGACUAAGUAUCRAUAG
GCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAACCCAGUAACA
CUAUGGAGGUUGCGCAGUGUUUCGUUCCACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCU
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAUUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACUCACGAGCCAGUGGGCAGUCUGUCGUARCGGGUAACUCUGCAGL

enterovirusB
111
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GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCAUAUAUUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCAAUUGUUUACCUAUU
UGUUGGCUUUGUGCCGUUGAACUACAAGGUUUUARARAACUAUUAACUACAUCCUAGUACUUAACACG
UUGAA

UUUCAUCAUAAGCUACUUGGUCUUGCCAACCGGAAGAUAAUUUGGUUAUUUGUUGGUUUCACARAAUC
UGCGAACCUCUUCACUAAUUUUAUUAAUUGUCCUCAAARUUCAARACAGG

enterovirusB
113

0 W Ww|~d w Ww

UUAAAACAGCUCUGGGGUUGCACCCGCCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCGUAACUUAGACGCACRARACCAAGUUCAAUAGAA
GGGGGUACARACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUUGUAUAGACUGCU
UGCGUGGUUGAAAGCGACGGAUCCGUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGA
AUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCC
CUCACCGGUGACGGUGGUCUAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGU
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGRAUCCUCCGGCCCCUGAAUGCGGCUAAUC
CCAACCUCGGGGCAGGUGGUCACAAACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAAUCACAGAU
UGUUAUCAUARAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGAUUCAUUAUCUAUCUGUUUGCUG
GAUUCGCUCCAUUGAGUGUGUUUACUCUAAGUACAAUUUCAACAGUUAUUUCAAUCAGACAAUUGUA
UCAUA

poliovirusl-
Sabin

w w

UURAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACUGGUAUUGCGG
UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCACAAUGUCCAAGUUCAAUA
GGAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGCUGUAUAGGCU
GUUUCCACGGCUAAAAGCGGCUGAUCCGUUAUCCGCUCAUGUACUUCGAGARAGCCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
UUCCUCACCGGCGACGGUGGUCLAGGCUGCGUUGGCGGLCUACCUGUGGCCCAAAGCCACAGGALGL
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCACGGAGCAGGCAGUGGCAAUCCAGCGACCAGCCUGUCGUAACGCGCAAGUUCGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACAAUGGCUGCUUAUGGUGACAAUCA
UUGAUUGUUAUCAUAAAGCAAAUUGGAUUGGCCAUCCGGUGAGAAUUUGAUUAUUAAAUUACUCUCU
UGUUGGGAUUGCUCCUUUGAAAUCUUGUGCACUCACACCUAUUGGAAUUACCUCARUUGUUAAGAUAU
CAUCACCACU

poliovirus2-
Lansing

UURAARACAGCUCUGGGGUUGUACCCACUCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUUALGG
UACCUUUGUGCGCCUGUUUUAUACUCCCCUCCCGCAACUUAGAAGCACGARACCAAGUUCAAUAGAR
GGGGGUACAAACCAGUACCACUACGAACAAGCACUUCUGUUUCCCCGCGUGACAUUGCAUAGACUGCU
CACGCGGUUGAAAGUGAUCGAUCCGUUACCCGCUUGUGUACUUCGARAAGCCUAGUAUCGCCUUGGA
AUCUUCGACGCGUUGCGCUCAGCACCCGACCCCGGGGUGUGGCUUAGGCUGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCUAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGUUAGA
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGAGUCCUCCGGCCCCUGARAUGCGGCUARUC
CURACCACGGAACAGGCGGUCGCGAACCAGUGACUGGCUUGUCGUARCGCGCAAGUCUGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCAGAGA
UUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACAACUGUUUGUU
GGAACCACUGUGUUAGCUUUACUUCUCAUUUAACCAAUUARUCAAARACAAUACGAGGAUAARACAA
CAAUACUACA

poliovirus2-
Sabin

UURAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACACUGGUAUCACGG
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCGCAACUUAGAAGCAUACAAUUCAAGCUCAAUAG
GAGGGGGUGCAAGCCAGCGCCUCCGUGGGCAAGCACUACUGUUUCCCCGGUGAGGCCGCAUAGACUG
UUCCCACGGUUGAAAGUGUCCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCGLCUCUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCAACCCCGGAGUGUAGCUUGGGCCGAUGAGUCUGGACAG
UCCCCACUGGCGACAGUGGUCCAGGCUGCGLCUGGCGGCCCACCUGUGGCCCAAAGCCACGGGACGCU
AGUUGUGAACAGGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGAARUGCGGCUA
AUUCUAACCAUGGAGCAGGCAGCUGCAACCCAGCAGCCAGCCUGUCGUAACGCGCAAGUCCGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGAAUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAGUUGGAUUGGCCAUCCAGUGUGAAUCAGAUUAAUUACUCCCUUGUUUG
UUGGAUCCACUCCCGAAACGUUUUACUCCUUAACUUAUUGARAUUGUUUGAAGACAGGAUUUCAGUG
UCACA

poliovirus3

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUGCGG
UACCUUUGUACGCCUGUUUUAUAUCCCCUCCCCAAGUAACUUUAGAAGCAAUUCACAAAGUUCAAUA
GAGGGGGUACAAACCAGUACCACCAUGAACAAGCACUUCUGUUUCCCCGGUGAAGCUGUAUAGACUG
UUCCCACGGUCGAARAUGGCAGAUCCGUUAUCCGCUCACGUACUUCGAGAAGCCUAGUAUCAUCUUG
GARUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGCCGAUGAGUCUGGGCAUA
CCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAAUGUCAUGGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCAUGGAGCAAGUGCCCACAAGCCAGUGGGUGGCUUGUCGUARUGCGCAAGUCUAUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUUAUGGCUGCUUAUGGUGACAACCUAAG
AUUGUUGUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAUCUUUGAGAUUARUAUACCUUCCUUAUUA
CUUCAUAGUACUCAUUUAUUCAUUACACUACUGUAGUUACA

coxsackievir
usAl

=

UUAAAACAGCUGUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUCACGG
UACCCUUGUACGCCUGUUUUAUACUCCCUCCCCCGUAACUUAGAAGCAAUCAAAUCAAGUUCAAUAG
GAGGGGGUACAAACCAGUACCACCACGAACGAGCACUUCUGUUUCCCCGGUGAAGUUGCAUAGACUG

coxsackievir
usAll

196
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UUACCACGGUUGAAAGCGACCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUACCUCCUUG
GAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCGGAGUGUAGCUUAGGCUGAUGAGUCUGGACAG
CCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGCU
AGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAGCAGGCGAUCGCAAACCAGCAAUUAGCCUGUCGUAACGCGAAAGUCUGUGGCG
GAACCGACUACUUUGGGUGACCGUGUUUCUCUUAUUUUUAUUCAUGGCUGCUUAUGGUGACARUCAU
AGAUUGUUAUCAUAARAGCGAGUUGGAUUGGCCAUCCGGUAARAGUCAAGUAUAUCAUUUACUUGUUU
GUAGGAUUUAUUCCUUUGAACGUCCAUUUACUCAAUCUUAUCAGAGUCACAUUACUAGUAAGAUCUC
ACUAUCACA

[~

UUAAAACAGCUCUCGGGUUGUUCCCCCCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUACGG
UACCCUUGUACGCCUGUUUUGUAUCCCCUUCCCCCGCAACUUAGAAGUUAUAAACCAAGUUCRAUAG
AAGGGGGUACAAGCCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUUGUAUAGACUG
CUAACGCGGUUGAAARACAGCUGAUCCGUUAUCCGCUUGUGUACUUCGAGAAGCCUAGUAUCAUCUUG
GAAUCUUCGAUGCGUUGCGUUCAGCGCUCUACCCCAGAGCGUAGCUUAGGCUGAUGAGUCUGGGCAU
UCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGCUA
GUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACACAAGAGUCCUCCGGCCCCUGARUGCGGCUAA
UCCUAACCAUGGAGCAAGUGAUCACAAUCCAGUGAUAUUCUUGUCGUAACGCGCAAGUCCGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUACUUUUAUCAUGGCUGCUUAUGGUGACAAUCAUU
GAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGACUUAUCARUCUACUUGUUUG
UUGGAUUCACUCCAUUGAACACAUUCACUCCCAGUAUCAUUUCAAUAGUAAUCAGAAUUAGACAGUU
GUAUCACA

coxsackievir
usAl3

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUACACUCCCUUCCCCGUAACUUAGACGCAAUAAACCAAGUUCACUAGG
AGGGGUGCAAACCAGCACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGUAUAGACUGUA
UCCACGGUUGAAAACGAUUGAUCCGUUAUCCGCUCUUGUACUUCGAGARGCCUAGUAUCAUCUUGGA
AUCUUCGACGCGUUGCGCUCAGCAUUCAACCCCAGARUGUAGCUUAGGUCGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGACCCAAAGUCACAGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAGUCCUCCGGCCCCUGAAUGCGGCURAU
CCUAACCACGGAGCAAGUGCUCACGAACCAGUGAGUGGCUUGUCCUAACGAGCAAUUCUGUGGCCGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAACUUUAAAUGGCUGCUUAUGGUGACAAUCAUUG
AUUGUUAUCAUAAGCCGAAUUGGAUUGGCCAUCCGGUGAAAAUCAAGUUGAUCAUUUAUUUGUUUGU
UGGAUUCACUCCAUUAACUCAUUUUUCAAUUGACCUAAUACGUAUUGUAUUAUUAGUUAGARACAUA
CAUCACA

coxsackievir
usAl3;coxsac
kievirusAlS

oY > W

UURAARACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCAAUCAAACAAAGUUCAAUA
GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGUUGUAUAGACU
GUACCCACGGUUAAAAGCAAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACUACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCAACCCCAGAGUGUAGCUUGGGCUGAUGAGUCUGGACG
UUCCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGC
UAGUUGUGAACAAGGUGCGAAGAGCCUAUUGAGCUACARGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACCACGGAGCAGGUAGUUGCAAGCCAGCAAUCGACCUGUCGUAACGCGUAAGUCUGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAARUUUUARACUGGCUGCUUAUGGUGACAAUCA
UUGAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAGAAUCAGAUCCAUUAUCUACUUGUU
CAUUGGAUUUACUCCAUUGACAACAUACACAUACGACCUUAUUAGAGUCAAUUUACUAUUGAGACAU
CUCCACCAUA

coxsackievir
usAl?7

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUACGG
UACCUUUGUACGCCUGUUUUACACUCCCUUCCCUACGCAACUUUAGAAGUUUAACAUARAGUUCAAU
AGAGGGGGUACAAACCAGCACCACCACGAACAAGCACUUCUGUUUCCCCGGUGARACUGCAUAGACU
GUAACCACGGUUGARAAGCGGUUGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUACCACCUU
GGAAUCUCCGAUGCGUUGCGCUCCACACUCUACCCCGAGUGUAGCUUAGGCCGAUGAGUCUGGGCGU
UCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGUUAACGCCAUGGGACGCUA
GUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUCARGAGUCCUCCGGCCCCUGAARUGCGGCUAA
UCCCAACCACGGAGCGAGUGCUCACAAUCCAGUGAGUGGCUUGUCGUAACGCGCAAGUCUGUGGCGE
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACUAUGGCUGCUUAUGGUGACARAUCUAG
GAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGACUUCUAACGUUCAAGUAGUUUACUCGCU
UAARUUUUCUARACACAUUCUCAGUUGUUGAAUUAUAAACUUCACA

coxsackievir
usAlo9

UUAAAACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUACGE
UACCCUUGUACGCCUGUUUUAUACUCCCUCCCUCGUAACUUAGAAGCACARAACCAAGUUCAAUAGA
AGGGGGUGCAAACCAGUACCACCACGAACAAGCAUUUCUGUUUCCCCGGUGAUGUUGUAUAGACUGC
CCGCGCGGUUGAAAGCRACGGAUCCGUUACCCGCUCAAGUACUUCGAGAAGCCUAGUAUUACCUUGG
AAUCUUCGAUGCGUUGCGUUCAGCACUCGACCCUGGAGUGUAGCUUAGGCUGAUGAGUCUGGACGUC
CCUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGCUAG
UUGUGAARCAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGAARUGCGGCURAU
CCUAACCAUGGAGCAGGCGGUCACAGACCAGUGACUAGCUUGUCGUAAUGCGCAAGUCUAUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUUAUGGCUGCUUAUGGUGACAAUCAUUG
AUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGCGAGACUUACUAUUUACUUACUUGU
UGGACUUACCACACUUAAUACAUUUAUUCUAGGUGUCACUUGUAUAGCAAUUAGAAUCAAACAGUUG
CAUCAUA

coxsackievir
usA20
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UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUACGG
UACCUUUGUACGCCUGUUUUGUAUCCCUUCCCCCGUAACUUUAGAAGCUUAUCARAAGUUCARUAGC
AGGGGUACAAACCAGUACCUCUACGAACAAGCACUUCUGUUUCCCCGGUGAUAUCACAUAGACUGUA
CCCACGGUCAAAAGUGAUUGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUAUCACCUUGGA
AUCUUCGAUGCGUUGCGCUCAACACUCUGCCCCGAGUGUAGCUUAGGCUGAUGAGUCUGGGCACUCC
CCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUGAUGCCGUGGGACGCUAGUU
GUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUCAAGAGUCCUCCGGCCCCUGARUGCGGCUAAUCL
UAACCACGGAGCAACCGCUCACAACCCAGUGAGUAGGUUGUCGUAAUGCGUAAGUCUGUGGCGGAAC
CGACUACUUUGGGUGUCCGUGUUUCCCUUUAUAUUCAUACUGGCUGCUUAUGGUGACAAUUUACAAA
UUGUUACCAUAUAGCUAUUGGAUUGGCCACCCAGUAUUGUGCAAUAUAUUUGAGUGUUUCUUUCAUA
AGCCUUAUUAACAUCACAUUUUUAAUCACARUAAACAGUGCAA

coxsackievir
usA21

&3]

UUAAAACAGCCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUACGGU
ACCUUUGUACGCCUGUUUUAUAUCCCCUCCCCUGAGUAACUUUAGAAGCAAUUCAAAAGGUUCAAUA
GAGGGGGUACAAUCCAGUACCACCAUGAACAAGCACUUCUGUUUCCCCGGUGAGGCUACAUARACUG
UACCCACGGUUGAAAGUGGCUAAUCCGUUAUCCGCUCAAGUACUUCGAGAAGCCUAGUAAUACCUUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCUAACCCGGGUGUAGCUUAGGUCGAUGAGUCUGGGCAUA
CCCCACCGGUGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAACGCCAUGGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGARUGCGGCURAU
CCUAACCACGGAGCAAGUGCUCUCARACCAGAGAGUGGCUUGUCGUAACGCGUARGUCUGUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCUAAG
AUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUUGUUGUUUAGAGCGUUUCAUCUGUGCUUUGU
UUGUUUGACCAGAUCAAUAUAAACACUACAUCCUAUUUGUUCAUA

coxsackievir
usA22

o1 w

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUACACUCCCUUCCCCGGUAACUUAGAAGUAARCAAACCAAGUUCAAUA
GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACGUUGUAUAGACU
GUACCCACGGUUGARARCAACUGAUCCGUUAUCCGCUCUUGUACUUCGAGAAGCCCAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACA
AUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGL
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACGAGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACCACGGAGCAGGUGAUCACAAGCCAGUGAUUAGCCUGUCGUAACGCGCAAGUCUGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUAUUAUGGCUGCUUAUGGUGACAAUCACA
GAUUGUUAUCAUAAAGCGACUUGGAUUGGCCAUCCAGUGAAAAUAARACACAUCARUUUACCUGAUUG
UUGGAUUUACUCCGCUGACUAUCUACUCACCAGGUCUUAUUAAGGUUAUUCUGUUGAUUAGGUCACA
AUUUCACA

coxsackievir
usA24

U1

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUCACGG
UACCCUUGUACGCCUGUUUUAUACCCCCUUCCCCGCAACUUAGAAGCUUUAAAUUCAAGUUCARAUAG
AAGGUGGUACAAACCAGUAUCGCCACGAACAAGCACUUCUGUUGCCLCCGGUGAAARUUGCAUAAGCUG
UCCCCACGGCUGAAGGCGAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACCACCUUG
GAAUUUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAU
ACCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCARAGCCACAGGACGCU
AGUUAUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAUCAGGCGAUUGCAACCCAGCRAUUAGCCUGUCGUAAUGCGCAAGUCUGUGGLG
GAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUCUU
AGAUUGUUAUCAUARAGCAAGUUGGAUUGGCCAUCCGGUGAAAGUCAAAGUUACUAUCUAUUUAUCU
GUUGGAUUUUACCCUAAGACCACUCAUUUACCUGACUUAAUUAGAAUAAUUAUACUACUUGGAAAUU
ACUAUCACA

enterovirusC
96

w Ul

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUCACGG
UACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCCGUAACUUAGAAGCUUUGUACCAACAAGUUCRAU
AGAAGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGCGAUGACAUAGACU
GUACCCACGGUCAAAAGUCACCAAUCCGUUACCCGCUUUGGUACUUCGAGACGCCUAGUAUUGCCUU
GGAAUUCUCGAUGCGUUGCGCUCAACACUCGACCCUGGAGUGUAGCUUAGGCUGAUGAGUCUGGGCA
UUCCCCACCGGUGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUAGCUAUUGCUAUGGGAUGCU
AGAGUUGAACAAGGUGUGAAGAGCCAAUUGAGCUACUAAAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCAACCACGGAUCAAGUGCGUGCAACCCAGCACGUAGCUUGUCGURAUGCGCARGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCUU
GGAUUGUUAUCAUAUAGCGAUUGGAUUGGCCAUCCGGUGAGAAUARRAGAUAUUGUUUAUCUGUUUG
UGGCUUUUACUCCAUURAACAAAARCACACUUUCCUUAAUUAAAGUGGUACUAUUGAUCAGAUCAGC
AUACCACA

enterovirusC
99

(S,

GGUAACCUUGUACGCCUGUUUUAUAAUCCCCUUCCCCCGUAACAGUAGAAGCACAAAAGCAACCGCU
CARUAGAUGCCAUACCUCCAGUGUGGUUAUGAGCAAGCACUUCUGUCUCCCCGGUUGCGCCCUAUAY
GCUGUGCGAACGGCAARAAGGGGCAAUAUCGUUACCCGCUUGACUACUACGGGARACCUAGUAUUAU
CUUCGAUUGAUUUGAGAGUUGCGUUCAGCGCCCAACCCCCGGCGUAGCUCAGGCUGAUGAGGLUCCG
AACACCCCACAGGCGACUGUGUCAGAGCCUGCGUUGGCGGCCUGCCCAUACCCUGCGGUAUGGGALG
CUCACUUCAUGACAUGGUAUGAAGAGUCUACUGUGCUAGUCAAGAUUCCUCCGGLCCCCUGAAUGUGG
AUAAUCCUAACCACUGAUCCUACGUUCGCAAUCCAGCGUUUGGUAGGUCGUAAUGCGCAAGUCGGUG
GCGGAACCAACUACUUUGGGUGUCCGUGUUUCCCUUACUUCCUACUGAAUGCUUAUGGUGACAAUUG
UUUUGAUCAGUUGUUGCCAUUACUUGCGUUCAGUGUGUAAUUACAAAARCAAGAUCAUCAGUUGUUA
CUAUCCCUCACGUUCAGUGCGCAAUUACAARAACAAGAUUUUCUGUCAUA

enterovirusC
104
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[}

CCCCUAGGAUCCACUGGAUGUUAGUACACUGGUAUCGCGGUACCUUUGUACGCCUGUUUUAUAUCCC
CUUCCCCGCAACUUUAGAAGUAUCAAAAGUACCGCUCAAUAGCCGCCACGCUCCCAGUGUGGUUUCG
AGCAAGCACUUCUGUUUUCCCGGUUGCGUCCCAUAUGCUGUGCAAACGGCAAAAAGGGACAAUAUCG
UUACCCGCUUGUAUACUACGGGAAACCUAGUACCGCCAUUGAUUGUAUUGAGGGUUGCGCUCAUCAC
CUUUCCCGGUGUAGCUCAGGCUGAUGAGGCUCAGAAUCCCCCACAGGUAACUGUGUCUGAGCCUGCG
UUGGCGGCCUGCCCUCGCCUUAUGGCGUGGGACGCUCACUACAUGACAUGGUGCGAAGAGUCUACUG
UGCUAUACAAGAGUCCUCCGGCCCCUGAAUGUGGAUAAUCCUAACCACUGAUCCCACGUACGCARAC
CAGCGUGUAGUGGGUCGUAACGCGCAAGUCGGUGGCGGAACCGACUACUUUGGGUGACCGUGUUUCC
UUUAUUACCUAUUGAAUGUUUAUGGUGACAAUUGUUUGAUUCAGUUGUUACCAUUUGCUACAUUCAA
UAACCUAGUGUCAAACCGAUUGAAUUGCUACA

enterovirusC
105

oy U1

ACUCUGGUAUUGCGGUACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCAUGUAACUUUAGAAGCAAU
UCACAAGGUUCAAUAGAGGGGGUACRAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUG
AAGCUGUAUAGACUGUCCCCACGGUCAAAAACGGCAGAUCCGUUAUCCGCUUAUGUACUUCGAGARAG
CCUAGUAUCAUCUUGGAAUCUUCGAUGCGUUGCGUUCAGCACUCUAUCCCGAGUGUAGCUUAGGUCG
AUGAGUCUGGGCAUUCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAAL
GCCAUGGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGLCCC
CUGAAUGCGGCUAAUCCCAACCACGGAGCAAGUACUCACAACCCAGUGGGCAGCUUGUCGUAACGCG
UAAGUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAUUUUUGAUAUGGCUGCUU
AUGGUGACAUCUAAGAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAUUUUUGAGACUAAR
ACGCUUGUUUGCCUUAUCACACRAUUUAGUAUUUUGUUAUAUUCAUACGGUCAUA

enteroviruscC
113

o1 W

UUCCCACUCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUGCGGUACCUUUGUACGCCUGUUUU
AUACCCCCUCCCCAAGUAACUUUAGAAGCAAUUCACAAAGUUCAAUAGAGGGGGUACAAACCAGUAC
CACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAGACUGUCCCCACGGUCGAAGGUGGL
AGAUCCGUUAUCCGCUCAAGUACUUCGAGAAGCCUAGUACCACCUUGGAAUCUUCGAUGCGUUGCGC
UCAGCACUCUACCCCGAGUGUAGCUUAGGUCGAUGAGUCUGGGCAUGCCCCACCGGUGACGGUGGCC
CAGGCUGCGUUGGCGGCCUACCCGUGGCUARCGCCAUGGGACGCUAGUUGUGAACAAGGUGUGAARGA
GCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCAAGUGC
UCACAAACCAGUGAGUGGCUUGUCGUAACGCGUAAGUCUGUGGCGGAACCGACUACUUUGGGUGUCC
GUGUUUCCUUUUAUUUUCAUUAUGGCUGCUUAUGGUGACAAUCUAAGAUUGUUAUCAUAUAGCUUUU
GGAUUGGCCAUCCGGUGAUUUGAAAGAGAUAUAUUUACCUUAUUGUUCUACCAUAUCUAAUUACUCA
UCACAGCCACAUAAUCACA

enterovirusC
116

[S3]

UUUAAAACAGCUUGAGGGUUGUUCCCACCCUCAAGGCCUACUGGGCGCUAGUACACCGGUAUCUCGG
UACCCUUGUACGCCUGUUUUAUCUUCCCUCCCCARAAGUAACUUUAGAAGCAAGUARAACUCACAGCU
CARUAGCCGUCGCACCGCCAGUGCGACUAUGAGCAAGCACUCCUGUUUCCCCGGUUGCGUCCUAUAU
GCUGUGGAAACGGCAGAAGGGGACAAUAUCGUUACCCGCUUAUCUACUACGGGAAGCCUAGUAACAC
CAUUGAACACUUUGAGGGUUGCGUUCAGCGCCAARCCCGGCGUAGCUCAGGCCGAUGGGGCUUCGGA
AUCCCCACGGGUGACCGUGUCGAAGCLCCGCGUUGGCGEGCCUGCCCACACCAAUGGGUGUGGGACGCU
CAAUUUGUGACAUGGUGCGAAGAGCCUACUGUGCUAGGUGAGAGUCCUCCGGCCLCCUGAAUGUGGCU
AAUCCCAACCACCGAACCCGUGGUUGCAAUCCAGCAACUAGCGGGCCGUARAUGCGCAAGUCGGUGAC
GGARACCRACUACUUUGGGUGACCGUGUUUCCUUUAUCUCUUARUAUUGCAAUUUUAUGGUGACAUUUA
UAGUAUUUAAGUGUUACCAUAUAUUGCGCARACAUAUUGUAAUAAUACAGAGUUACUACUGCAGAAA
uc

enterovirusC
117

&}

UUAAAAAAACUUGGGGGGUUUUUCCCCCCCLGGGGUUCCCCGGGAGUCCGUACCCCGGCAUCCUGGG
GCCCUUGUAAGCCUUUUUVAUAAUUCCCCCCCCCCGCARCUUUAGARGARRACGAACUCCGAGCUCA
GUAGGCGUCACGUUUCCAGCGUGACUACGAGCAAGCACUUCUGUUUCCCCGGUUGCGCCCUAUAUGC
UGUGUGAACGGCAGAAAGGGGCAAARUCGUUAUCCGCUUGAUUACUGCGGGACGCCUAGUAUCACCA
UGGAUUGACUUGAGGGUUGCGCUCAGCACACCCCCAGUGUAGCUUGGGCCGAUGAGGCUCCARAUUC
CCCACGGGCGACCGUGUUGGAGCCUGCGUUGGCGGCCUACCCGCGCCUCACGGCGUGGGACGCUCAU
UUCAUGACAUGGUGCGAAGAGUCUACUGCGCUAGUCAAGAUUCCUCCGGCCCCUGAAUGUGGCUAAU
CCUAACCACUGAUCCUGUGAGCACACACCAGUGCCUAGCAGGUCGUAAUGCGCAAGUCGGUGGCGGA
ACCAACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCCUCAUUGAAUGCUUAUGGUGACAAUUGUUGA
GUACAGUUGUUACCAUUACUGCAUUCUGCAAAUAGUGARUAAACUACGCAACAAUAUAACACA

enterovirusC
118

UUAAAACAGCUCUGGGGUUGUUCCCACUCAAGGGCCCACGUGGCGGCUAGUACUCUGGUAUCUCGGU
ACCUUUGUACGCCUGUUUUAAUUCCCUCCCCAACGUAACUUAGAAGCUUUUARACCARAGCUCARUA
GGUGGAGCGCAAACCAGCGCUCUUAUGAGCAAGCACUUCUGUCUCCLCCGGUGUGGUUGUAUAGACUG
UCCCCACGGUUGAARACAACUUAUCCGUUAACCGCUAUAGUACUUCGAGARACCUAGUAUUGLCCUUC
GGAGUGUUGAUGCGUUGCGCUCAGCACACUAACCCCUGUGUAGCUUGGGUCGAUGAGUCUGGACGUA
CCCCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACUCAUGGUGARAACCAUGAGACGCUAG
ACAUGAACAAGGUGUGAAGAGUCUAUUGAGCUGCUAUAGAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCAUGGAGCARAGUGCUCACAAACCAGUGAGUUACUUGUCGUAACGCGCAAGUCCGUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUARCUUUUAUGACUGCUARRUGGUGACAARUUUAAUA
UUGUUACCAUUUGGCUUGUCGAARUUGAUCACAUAAGAUCUAUAGUUUUGUUCACUGAUUUGCUUUGA
AAUAAUCUCACCUCAARACCUCCAGUACAUAACAUUUAAAGAGUUUAAACUUAUUUAUAACA

enterovirusD
68

UURAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUACCCCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUUCCCRAGUAACUUUAGAAGARAUARACUAAUGUUCAA
CAGGAGGGGGUACAAACCAGUACCACCACGAACACACACUUCUGUUUCCCCGGUGAAGUUGCAUAGA
CUGUACCCACGGUUGARAGCGAUGAAUCCGUUACCCGCUUAGGUACUUCGAGAAGCCUAGUAUCAUC
UUGGAAUCUUCGAUGCGUUGCGAUCAGCACUCUACCCCGAGUGUAGCUUGGGUCGAUGAGUCUGGAC
ACCCCACACCGGCGACGUGGUCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAGCACCAUGGGACGLU

enterovirusD
70

199
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AGUUGUGAACAAGGUGCGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCAACCACGGAGCAARUGCUCACAAUCCAGUGAGUGGUUUGUCGUAAUGCGCAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUUAUGGCUGCUUAUGGUGACAAUCUG
AGAUUGUUAUCAUAUAGCUAUUGGAUUAGCCAUCCGGUGAUAUCUUGAAAUUUUGCCAUAACUUUUU
CACAAAUCCUACAACAUUACACUACACUUUCUCUUGAAUAAUUGAGACAACUCAUA

UUUCCCCGGUGAAGUUACAUAGAUUGUGCCCACGGUGARAGUGACUGAUCCGUUACCCGCUUUAGUA
CUUCGAGAAGCCUAGUAACAUCUUGGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGU
AGCUUAGGUCGAUGAGUCUGGACACUCCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUAC
CUGUGGCCCAAAGCCACAGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUAAAGA
GUCCUCCGGCCCCUGARUGCGGCUAAUCCCAACCACGGAGCAAGUGCUCACAAUCCAGUGAGUGGCU
UGUCGUAACGAGCAAUUCUGUGGCGGAACCAACUACUUUGGGUGUUCGUGGUUCUUUUUUUAUCAUU
GGCUGCUUAUGGUGACAAUCUA

enterovirusD
111

[

UURAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGUGGCGCUAGUACUCUGGUUCGUUAGA
ACCUUUGUACGCCUGUUUUCCCCUCCUUAAACAAAUUAAGAUCUCUGCCAARUGUGGGGAGUAGUCCG
ACUCCGCACCGAUACGUCGCACCAGUAGACCGGUUCGCUUAGGACCCUUCUACGGAUUGGUAUGAGU
UCCCCACCCCGUAACUUAGAAGUACUAGCARAACCGACCAAUAGGAGCGUGGCACCCAGCUGCGUUA
AGGUCAAGCACUUCUGUCUCCCCGGCCAGARAUGGUCGUCACCCGCCCUCUCUACUACGAGAAGCCU
AUUAACCAUUGAAGGCGAUGAGGAGUUGCGCUCCACCACAACCCCAGUGGUAGCUCUGAGAGAUGGG
GCUCGCAGUCACCCCCGUGGUAACACGGUUGCUUGCCCGCGUGUGCUCUCGGGUUCGGCCACUUGGEL
CGUUCACUCCAACUCGUUGUAAGUGGCCAAGAGCCUAUUGUGCUAGAGAGGUUUUCCUCCGGAGCCG
UGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACRAUCCAGUGUUGCUACGUCGUAACGCGCA
AGUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAUUAUUUUAUACAACAAUUUAUG
GUGACAUUGACUGAUACUAUUGAGUUCGCCCGCUUGCCAUUGAAUAUUGCCUUGUAUUACCUUAUAG
CAUUUCAAAAAGCCACAGAUCUCACCCUCGAGCUCAUUCACUUUGCAGUUUGUUUGAAUCGCAUACA
CAAGACAUUUGAAC

enterovirusk
1;bovineente
rovirusl

UURAAACAGCCUGGGGGUUGUACCCACCCCLCGGGGCCCACGCGGCGCUAGUACUCUGGUUCGUUUAG
AACCCUUGUACGCCUGUUUUUCCCCCCUUARAUARAUUAAGAUCUCUGCCAAUGUGGGGAGUAGUCC
GACUCCGCACCGAUACGUCGCACCAGCAGACCGGUUCGCCUAGGACCCUUAUGCGGAUUGGUAUGAG
UCCCCCCCCCGAAACUUAGAAGCACAUUACAAACUGGCCAAUAGGAGCGUGGUAUCCAACCGCGUUG
CGGUCARGCACUUCUGUUUCCCCGGUCAGARAUGAUCGUUACCCGCCCUCCCCACUACGAGAAGCCU
AUUAACCACUGAAAGUGAUGAUGAGUUGCGCUCAGCCACAACCCCGGUGGUAGCUCUGAGAGAUGGG
GCUCGCACCACCCCCGUGGUGACACGGUUGLCUUGCCCGLGUGUGCULCUCGGGUUCAGUCGCGAGACU
GUUCACUCUGACUCAUUGUAGGUGGCCAAGAGCCUAUUGUGCUGGGGAGGUUUUCCUCCGGAGCCGU
GARUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACARUCCAGUGUUGCUACGUCGUAACGCGUAA
GUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAAUUUUAUUGUUCAAAUUUAUGGU
GACAUUGUCUGACAUUUGUGAAUUCGCUCGCCUGCCACUUAARUAUCGCUUUAUAUCAUCUGAUAGCA
UUCCAUAAGACUACAGAACUCACUUUGGAACUCAUCGACUUUGCUGUUUUCCUGAAUACUGUUCACA
ACCAAACAARACAAA

enterovirusE
2

Ul oy W

UUAAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGUGGCGCCAGUACUCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUCCCCACCCUUARAUARAUUAAGAUUACCACUACUGAGGGGAGUAGUCC
GACUCCGCUCCGACACUGCCGCACCAGUAUUCCGGUACGCUUAGUACCCUAAUACGGAGUAGAUGGU
AUCCCCACCCCGCAACUUAGAAGCAUGCAARCAACCCGACCGAUAGGAGCGCGGCAUCCAGULCGLCGU
AUAGGUCAAGCACUUCUGUUUCCCCGGUCCGAAAGGAUCGUUACCCGCCCAACCCACUACGAGAAGC
CUAGUAACUGGCCAARACAACCGCARAGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGGARGAUG
GGGCUCGCACCUCCCCCGUGGUAACACGGUUGCUUGCCCGCGUGUGCUUCCGGGUUCGGCCUAGUGC
CGUUCACUUUAAAGUUGUGUAACCAGCAAAGAGCCUAUUGUGCUGGGAUGGUUUUCCUCCGGGGLCG
UGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAACCAGUGUUGCUACGUCGUAAUGCGUA
AGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUUUAUUGUUAUUUACAUUUUAUGG
UGACACUGACUGACAUUUGUGAAUUUGCUCGCUUGCCUCUCAAUAUUGCACUAUAUUACCUGAUUGC
AUUUCACAACACUAGUAAACUAACCCUUGAARCUUAUCGACUUUGCUGUUUACCUAAGUCACUUAAAU
CACAAGUACAAUA

enterovirusE
3

CGGAGUAGAUGGUAUUCCCUCUCCCGUAACUUAGRAGUUUGAACUARACCGACCAAUAGCGGUGGUG
CAACCAGCAUCACAACGGUCAAGCACUUCUGUUUCCCCGGCACGUCAGUGUCGUUACCCGCCCACAC
UACUACGAGAAGCCUAGUAACUUCCCAAUCGACAGCACAGUUGCGUUCGGCCACRACCCCUGUGGUA
GCUCUGGAAGAUGGGGCU

enterovirusEk
4

UUUAAAACAGCUCGGGGGUUGUUCCCACUCCCGGGGCCCACGUGGCGCUAGUACUCUGGUACGUUAG
UACCUUGUACGCCUGUUUUCCCCUCCUUAAACAARUUAAGAUUACCACUACUGAGGGGAGUAGUCCG
ACUCCGCUCCAGCACUGCUGCACCAGUGAAUUGGUAUGAUUAGUACCUCUUCACGGAGUAGAUGGUA
UUCCUACCCCGCAACUUAGAAGUUUAUUAACAAACCGACCAAUAGGUGCACAGUAUCCAGCUGUGUA
ACGGUCRAGCACUUCUGUUUCCCCGGUCCACCAGGAUCGUUACCCGCCCGACCCACUACGAGAAGCT
UAGUAACUAGCCAAGUGACUGCGAAGUUGCGCUCAACCACAACCCCAGUGGUAGCUCUGGAAGAUGG
GGCUCGCACCUCCCCCGUGGUAACACGGUUGCCUGCCCGCGUGUGCUUCCGGGUUCGGLCCUUGUGLL
GUUCACUUCUACGUCAUGUAACUAGCCAAGAGCCUAUUGUGCUGGGACGGUUUUCCUCCGGGACCGU
GAAUGCUGCUAAUCCUAACCUCCGAGCGUGUGCGCACARUCCAGUGUUGCUACGUCGUAACGCGUAA
GUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCUUUUAUUAUAUUAUUUAAUGGUGA
CAAUUGCAGAAAUUUGUGAUUUAGCGACUUUACCAUUGCACAUAGCAUUAUAUUGUUUGAUUGCUUU
CCACAAAACAUCUGAUAUACCCAACUCUUAUAUCGAUCUACUUAUCUUUCUUUGCUUGAAGAAUAAR
UURAAGAAAGCACG

enterovirusk
5
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UUCAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGCGGCGCUAGUACUCUGGUACGUUAGU
ACCUUUGUACGCCUGUUUUCCCCUCCCUUAAAUARAUUAAGAUUACCACUACUGAGGGGAGUAGUCC
GACUCCGCUCCGACAAUGUCGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGCUGGUA
UUCCCUCCCGAAACUUAGAAGCACUUAAAUCAACCGACCAAUAGGCGCGCGGUAGCCAGCCGCGUUA
CGGUCAAGCACUCCUGUUUCCCCGGUCCACAAGGAUCGUUACCCGCCCGACCCACUGCGAGAAACCU
AGUAGUUGGCCAAGUGGUAACGAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCCGGAAGAUGGG
GCUCGCACCACCCCCGCGGUAACGCGGEUUGCUUGCCCELGLGUGCUUCCGGGUCLGGUCUCGUACCG
UUCACCUCAAUACCACGUAACCAGCAAAGAGUCUAUUGCGCUGGGACGGUUUUCCUCCGGGGCCGUG
AAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGURAG
UUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCCUAUCAUUCCAUUUCAUUUUAUGGUGA
CAAUUGCUGAGAUCUGUGAUUUGGCGACCUUACCACUGAAUAUUGCCUUAUAUUACUUGGUUGCAUU
CCACAARACCUCUGACAUACCUGCUUCCUAUAUCGACCUACUUGUUUUCCUCAAUUUAARAGUAUAGA
CUACAAAUAGCAGA

enterovirusF
2

UUUAAAACAGCCUGGGGGUUGUACCCACCCCUAGGGCCCACGUGGCGCCAGUACUCUGGUACAUUAG
UACCUUUGUACGCCUGUUUUCCCCUCCCUUAAAUAAAUCAAGAUUACCACUACUGAGGGGAGUAGUC
CGACUCCGCUCCAGCARUGCUGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGAUGGU
AUCCCCACCCCGAAACUUAGAAGCAUGUGAUCAARAUCGACCRAUAGGCGCGCGGUUGCCAGCCGCGU
UUCGGUCAAGCACUUCUGUUUCCCCGGUCCGCAAGGAUCGUUACCCGCCCGACCCACUGCGAGARGC
CCAGUAACUGGCCAAGCGGUAGCGAGGUUGCACUCAGCCACAACCCCAGUGGUAGCUCUGGAAGAUG
GGGCUCGCAGUUCCLCCCGUGGUAACACGGAUGCCUGCCLGCGUGUGLCUUCCGGGUUCGGUCUCGUGT
CGUUCACCUCAAUACCGCGUAACCAGUGAAGAGCCUAUUGCGCUGGGACGGUUUUCCUCCGGGGCCG
UGAAUGCUGCUAAUCCUAACCUCUGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUA
AGUCAGGGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUUUAUUUUAUAUUUAUCAUUUUAU
GGUGACAAUUGCUGAGAUUUGCGAUUUAGCGGUUUUGCCAUUGAACAUUGCUUUGUACUACUUGGUU
GCAUUUCACAAAACCUCCGACAUACCCAGCUCCUACAUCGACUUGCUUGUUUUUCUUAAUUAAGACA
UAARACUAGAGAACACARA

enterovirusF
3

UUAAAACAGCCUGGGGGUUGUACCCACCCCUAGGGCCCACGUGGCGUUAGUACCCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUUCCCUCCCUUARAUARAUUAAGAUUACCACUACUGAGGGGAGUAGACC
GACUCCGCUCCAGCACUGCUGCACCAGUGAACUGGUACGCUAGUACCUUUGCACGGAGUAGAUGGCUA
CACCCACCCCGUAACUUAGAAGUACUGAACACAACCGACCAAUAGCGGCGUGACAGCCAGUUACGCA
ACGGUCAAGCACUUCUGUUUCCCCGGUCCGUAUGGAUCGUUACCCGCCCAAGCUACUACAAGAAGCC
UAUUAACUACUGAAACUGUUGARAGGUUGCGCUCAACCACAUCCCCAGUGGUAGCUCCGAGUGAUGG
GGCUCGCGAUUCCCCCGUGGUAACACGGUCGCUUGCCCGCGCGCGCACUCGGGUCCGGUCUUUGACT
GUUCACCUUGAGACAACGUAAGUAGCCAAGAGCCUAUUGUGCUGGUUUGGUUAUCCUCCGGAGCCGU
GAAUGCUGCUAAUCCUAACCCCCAAGCGUGUGCGCACAAACCAGUGUUGCUACGUCGUAACGCGUAA
GUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUVUAUCUCAUUUUUAARAACUUVUAUG
GUGACAAUUGUUGUGAUUUGUGAACUUUACAUCUAGCUCUUGCAUAACGCCUUGUUUCAUCUAGUCG
CCUUCCARUAUAAUAUCUAARAGCUUUCAACCCUUGAGUUAACUCACUAGCAAUUUUGAGCUCARAUAR
CCUAGAUAUAGAUA

enterovirusF
4

CURARACAGCCUGCGGGUUGUACCCGCCCGCAGGGCCCACUGGGCGCUAGUACUCUGGUACGCUAGU
ACACUAGCACGUUAGUGCUUUUGUACGCCAGUACCUUUGUACGCCUGUUUUAUUUUCCCUUCCCCAC
AUGUAACUUUAGAAGUUUAGAAACAAACAAUGACCAAUAGGAGUCCAGCAUCCAGUUGGAUUGCGGU
CAAGUACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCLCGUCE
GUUAUCCGGCUACCUACUUCGGGAAGCCUAGUAACAUUCUGAAGUCUCUGAGGCGUUUCGCUCAGCA
CGACCCCGGUGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGUGACCGUGGCGGAGGLCCGCG
UUGGCGGCCCGCCUAUGGCGAARGCCAUAGGACGCCUCUUAGAUGACAGGGUGUGARAGAGCCUACUG
AGCUGGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCGGCARAC
CGGUCGGGAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCL
UUUUGAUCCUAUUUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGL
CACCUGGAAARAAGUUAUCAGUGUUUGAUAUUGUUCGGCUCUCACGCCUUCCAACAAAACAGGCCUUA
CUUCUUUUAAUUGCAUUUUAUCCAUCGGAGGUUAUUACAGAUUUCCAUCUGAAGCUUCUUCUCACAG
UAGCAGUAAA

enterovirusG
2; formerlyen
terovirusl0

~J

UUAAAACAGCCUGCGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGUGCACUGGUAUGCUAGU
ACCUUGGUAUUACGGUACCAUUGUACGUUAGUACCUUUGCACGCCUGUUUUARAUCCCCUCCCCCAU
GCAACAUUAGAAGUCUAUCUAUUAAGGACCAAUAGGAGUCCAACAGCCAGUUGGAUUGUGGUCAAGU
ACUUCUGUCUCCCCGGACUUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCUGUCCGUUAU
CCGGCCAGCUACUUCGAGAAGCCUAGUAGCACCARAGAUCUGUCUUGGCGUUUCGCUCAGCGLGUCT
CCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUCCCCCACGGGUGACCGUGGCGGBAGGCCGCEUGGL
GGCCCGCCUAUGGCGARAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUA
GUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCGGCAAACCAGCU
GGGAGGGCGUCGUAACGGGUAACUCUGUGGCGGARCCGACUACUUUGGGUGUCCGUGUUUCCUUUUG
AUCCUAUUGUGGCUGCUUARUGGUGACAACUUACAGUUGUUAUCAUAARAGCUUUUGGAUUGGCCAUCC
GGAAAGAGUUAACAGUUUGUUCGCUCAUUGCUCUCUCARAGUUUCCAUUAAGGARAGCAAUUUACCU
UCUUAUUUCAUUUUACAGGCUUGACAAGAUUUCAAGCGCUCAUAUAGAUCUGCUUAUUCAGCUACAU
CARAAC

enterovirusG
3

~J

UUAAAACAGCCUGUGGGUUGUUACCACCCACAGGCGCCACGGGGCGCUUCGCACCUGGGAUGCUUAA
CGUCGGAUUUGCGGAUCCGAUGUUUAUUGCCCCUGUGCGCGCCUGUUAUAUUCCCUUCCCCCUURAAG
UAACUUUAGAAGUUUAUAAUAACAAAGACCAAUAGGAGUCCAACAUCCAGUUGGAUCGCGGUCAGGC
ACUUCUGUCUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGARGAUGARCCCGUCCGUUAU

enterovirusG
4

201
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CCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCARAAGAUCUGUCCUGGCGUUUCGCUCAGCGCGUUU
CCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGLGGAGGCCGCGUG
GCGGCCCGCCUAUGGCGARAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGC
UAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCUARUCCUAACCACGGAGCGUCCACCAGCARACCAG
CUGGAAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUU
UGAUCCUAUUGUGGCUGCUUAUGGUGACAACUUACAGUUGUUAUCAUAAAGCUUUUGGAUUGGCCAU
CCGGAAAGAGUUAACAGUUUGUUCGCUUAUUGCUCUCUCAARACUUCCAUUGAGGAAAGCAAUUUAU
CUUCUCAUUUCAUUUUACAAGCUUGAUAAAAUUUCAAGUGCUCAUUUAGAGUUACUCAUCCAACUCC
AUCAAAU

3 | UAAACAGUCAGGGGGUUGUACCCACCUCCGGGGCCCACGUGGCGUCAGUGCUCUGGUGCGUUAGUAC enterovirusG
CUUUGCACGCCUGUUUUCCCUUCCCUUAAACARAUUAAGAUCGCCAGCGCCGAGGGGAGUAGUCCGA 5

4 | CUCCGCUCCACUACGGUGCUCCAGUGGAUUGCUAUUACGGUAGCUCUUCACGGGGUGGCUGGUGUCC
CCAACCCCGCAACUUAGAAGCCAGCACAGAUCGACCAAUAGCGGCUCGGCAGCCAGUCGGGCARCGEG
UCAAGCACUUCUGUUUCCCCGGUCCGUAAGGAUCGUUACCCGCCCAGGAUGCUACGAGAAACUUAGU
AAACACCCAAGCUUGUGAGAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGAGUGAUGGGGCU
CGUGACUACCCCUCUGGUAACAGAGACACUUGCCCGCGUGUGCACUCGGGUUCAUCAGAAAUGGUGU
UCACCUCGACCAAGCGUAAGUGUUGAAGAGUCUAUUGUGCCAGCCUGGUUUCCUCCGGGGCCGUGARA
UGCUGCUAAUCCUARCCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUAAGUU
GGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCAUUCAUUAUUUCAAUUUAUGGUGACAR
UUACAGAGAUUUGUGAAUUGGCGAAACUACCACUGAAUUUGGCCUUGUAUUGUCUUAUUGCCUUCCA
CARAAACUUCUGAUAUUCCACCCAGUUAUAUCGAUCUCCUGGUUUAUCUAAAUUUACAAUAUARAUUG
AACCAGAUACA

~J

3 | UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCUUA enterovirusG
7 | CCUCGGUAUCACGGUACCGUUGUAUACAGUACCUUUGUACGCCUGUUUUARAUCCCCUCCCCCCAAU 6

5| GUAACUUUAGAAGUUUAAGCAAACARAAGACCAAUAGGAGUCCAACAACCAGUUGGAUUGCGGUCAAG
CACUUCUGUCUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAAACCGUCCGUUA
CCCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUU
CCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGLCCGCGUG
GCGGCCCGCCUAUGGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGCUGUGAAGAGCCUAUUGAGC
UAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCAGCAAACCAG
CUGGCAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUYU
UGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAURAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCAC
CUGGAARAAGUUAUCAGUGUUUGAUAUUGUUCGGCUUUCACGCCUACCAAUAAARCAAUCCUUAUAU
UAUUUGAUUUCCUUUUAUCCACAAGAGGAARUUUCUGAGUUUCAUCUCCAGUUGCUCUUAACCUUAU
CAGCAAG

UAUUUUCCAGGUGGAAUGGGGAUGCAGGCCUGAGUUGUUUUUGCCCCCAAGGAAUARAUCAAUAUUC enterovirusG
CCAGAGCCGAGGGGAGUAGUCCGACUCCGCUCCACUACGGUGCUCCAGUAGAUUGCUAUUGCGGUAG 7
CUCUCUACGGGGUGGCUGGUAUUCCUCACCCUGAARACUUAGAAGUUUGUACACACCGACCAAUAGCG
GUCUGGCAGCCAGCCAGGCAACGGUCAAGCACUUCUGUUUCCCCGGUCCGCAAGGAUCGUUACCCGC
CCGARUUGCUACGARAARGCCUAGUAAGUACCCAAGUUUGUGCGAGGUUGCGUUCAGCCACAAUCCCA
GUGGUAGCUCUGAGUGAUGGGGCUCGUGAUUACCCCUCUGGUGACAGAGACACUUGCCCGLCGLGUGT
ACUUGGGUUCACCAGAARAUGGUGUUCACCUCARUCAAGCGCAAGUACUGAARGAGCCAAUUGUGCCAA
UUUGGUCUCCUCCGGEGGCCGUGAAUGCUGCUAAUCCUAACCUCCGAGCGUGUGCGCACAAUCCAGUG
UUGCUACGUCGUAACGCGUAAGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUAUU
UUAUUCAUUUAAAUUUAUGGUGACAAUUGUUGAGAUUUGUGAGCUAGCAAAAUUACCAUUGAAUUUG
GCAUUGUACUGUCUCAUUGCUUUUCACAAAACCUCAGAUAUCCCACCCAGUUACARUUGAUCUUUUAG
UUCAUUUGAAUUUACAGUUCAAACUGAGACAAGUAAA

o~ W

3 | UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCUACAUGUAACCUUAGAAGUAUARRUAAACARAG enterovirusG
7 | ACCAAUAGGAGUCCAACAUCCAGUUGGAUCGCGGUCAAGUACUUCUGUUUCCCCGEGACCUAGUAGUG 8

7 | AUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUUAUCCGGCCAGCUACUUCGAGAAGCCUAGU
AACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUUCCCCCCGCGUAGAUCGGGCUGAUGGGUC
UCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGCGUGGCGGCCCGCCUAUGGCGARAGCCAUAGG
ACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUG
CGGCUARUCCUAACCACGGAGCGUUCACCAGCAAARCCAGCUGGGAGGGCGUCGURAUGGGCARCUCU
GUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUAUUGGCUGCUUAUGGUGAC
AACGAURAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAAARAGUUAUCAGUGUUUGAUAUU
GUUCGGCUUUCACGCCUACCAAUARAACAAGCUUUAUAUUAUUUAAUCUCCUUUUACCCAAAGGGAG
AGAUUUCUGAAUUUCAUAUCCAGUUGCUCCUAACACUAUCAGCAAA

3 | GCCUGUUUUAUAUUCCCCUCCCCCAAACGUAACAUUAGAAGUAUAARACAAACAAAGACCAAUAGGAG enterovirusG
7 | UCCAACAUCCAGUUGGAUUGCGGUCAAGCACUUCUGUCUCCCCGGACCUAGUAGUGAUAGGCUGUAC 9

8 | CCACGGCCGAAGAUGAARCCCGUCCGUUAUCCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCRARGA
UCUGUCUUGGCGUUUCGCUCAGCGCGUUCCLCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCC
CACGGGCGACCGUGGCGGAGGCCGCGUGGCGGCCUGCCUAUGGCGARAGCCAUAGGACGCCAUUUCA
GUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGLCCCCUGAAUGCGGCUAAUCCU
AACCACGGAGCAUCCACCAGCAAACCAGCUGGAAGGGUGUCGUAACGGGUAACUCUGUGGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAUAAGUU
GUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAAARAAGUUAUCAGUGUUUGAUAUUGUUCGGCUUUC
ACGCCUACCAAUAAAACAAGCUUUAUACUUGCUAAUUUCAUUUUAUCCAUCUGAGGAUAUUACUGAR
UUUUACCUACAACUUUUGCUCACCCUAACAGURAR
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GGGUUGUUCCCACCCGCGGGGCCCACUGGGLCGCUAGUACACUGGUACGCCAGUACCUUGGUAUUACG
GUACCAUUGUACGUCAGUACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCCACAUGUAACAUUAGAA
GUCAAGUAAACAAAGACCAAUAGGAGCCCAACAACCAGUUGGGUUGCGGUCAAGCACUUCUGUCUCC
CCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUUAUCCGGCCAGCUAC
UUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUUCCCCCCGCGUAGA
UCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGCGUGGCGGLCCGLCUAU
GGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCL
UCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCAUCCACCAGCAAACCAGCUGGGAGGGUGUC
GUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUUUUG
GCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAAAARAUUG
UCAGUGUUUGAUAUCGCUCGGCUUUCACGCCUACCAGUCAAACAAGCUCUUUAUCUCCUUGUUGGAU
UCUACUCAAUAAAGGACAUAACUCAGUUUCACAUAAAUCUGUUGCUUUCAUUGUCAGCAAA

enterovirusG
10

UUAAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCAGU
ACAUUAGUACGCUAGUACUCUUGUAUGCCAGUACCUUUGUACGCCUGUUUUAUACUCCCCUCCCCAU
AUGUAACAUUAGAAGUUUAAGUAAUAAAGACCAAUAGGAGUCCAACAUCCAGUUGGAUUACGGUCAA
GCACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUY
AUCCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGU
UCCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGUGACCGUGGCGGAGGCCGCGU
GGCGGCCCGCCUAUGGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGARGAGCCUAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCURAUCCUARACCACGGAGCGUCCACCAACARUCCA
GUUGGCAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUU
UUGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCA
CCUGGARAAAGUUGUCAGUGUUUGAUAUUGUUCGGCUUUCACGCCUACCAAUAAAGCAAGCUUUAUA
UUUGUUAGUUUCAUUUUAUCCAUUAAAGGAUAUUACCGAAUUUCACUUACAGCUUUUGCUCACAUUA
UCAGCARA

enterovirusG
17

UUUAARAACCAACCCGGGGGUUGUACCCACCLCUGGGGCLCACGUGGCGGUAGUGLCUUUGGUUUGCUC
AGAACCUUUGCACGCCUGUUUUCCCUUCCCUUAARUAAAUUAAGCUUGCCGGGACUGAGGGGAGUAC
UCCGACUUCGCUCCCCUACGGUGCCCCAGUAAACUGGUAUCGCGGUACCUUUUUACGGAGUCACCGG
CACCCCCCCCCCGCAACUUAGAAGUUUGAACACAAACCGACCAAUAGAGGCCCGGCAUCCAGUCGAG
CAACGGUCAAGCACUUCUGUUUCCCCGGUCLCGCAAGGAUCGUUACCLCGCCCCGACUACUACGGGAAG
CCUAGUAUCUAGCCAAACUUGGAARAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGAGUGAU
GGGGCUCGCGACAACCCCCUUGGUAACAAGGACGCUUGCCCGCGCGUGCACUCGGGUUCACCUUCCG
GUGUUCACCCUGACCAAGUGUAACUAGAGAAGCGCCUACUGUGCUAGUUGGGUUUUCCUCCGGGGCC
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACARUCCAGUGUUGCUACGUCGUAACGCGC
AAGUUGGAGGCGGAACAgACUACUUUCGGUACCCCGUGUUUCCUUUAUUUGUUUAUURAAAUUUAUGG
UGACAAUUGUUGAGAUUUGUGAUUUAGCGARAUUACCCUUGAAUUUGGCAUUAUAUUACUUGGUUGL
AUUUCACAAAACCUCAaAGAUUCCCGCAUCCUAUAUAGAUCUUCUCGUCUAUUUGAACUUACAGCAC
AAAUUAAAUCAAAURAA

enterovirusG
20

[e¢]

UUAAAACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACGUGGCGCARGUACUCUGCUUCGUUAGA
AGCCUUGUACGCCUGUUUUCCCCUCCUUAARUAARUUARGAUUACCACUUCCGAGGGGAGUAGUCCG
ACUCCGCUCCGAUACGUCGCUCCAGUGCGCUAGUACGCUUAGUACUUUCUCACGGGGAUAGUGGUAC
CCCUCCCUAGUAAUUUAGAAGACUUGAAAARACCGACCARUAGGCACCUCGCAUCCAGCGGGGUARAG
GUCAAGCACUUCUGUUUCCCCGGGUCGAGUAGCGAUAGACUGUGCCCACGGUCGAAGGUGAAACAAL
CCGUUAUCCGACUUUGUACUUCGGGAAGCCUAGUACCACCAAAGAUUAUGCUUGGGGUUUCGCUCAG
CACGACCCUGGUGUAGAUCAGGCUGAUGGAUCACCGCGUUCCUCACAGGCGACUGUGGCGGUGGUCG
CGUGGCAGCCUGCCGAUGGGGCAACCCAUCGGACGCCARGCAUAUGACAGGGUGUGAARGAGCCUACU
GAGCUACAAAGUAUUCCUCCGGCCCCUGAAUGCGGCUARUCCCAACCACGGAGCAUUUGCUACCARA
CCAGGUAGUGGAAUGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
CUUUUAAUUUAUCAUUCUGUGUAUGGUGACAACUAUAGUGCUAUCUCGAUUUGCAUUACUAUUGUUG
AGAUUGACACUUUAUUACAUUGUUGCAUUUUACCCUUUGAGUGAGUUUUCACCUGAACAGAUUAAUU
UACUUAUCCUGUUUAUAUAUCACAAGCAGARAUACUUGCARAC

enterovirusI
2;dromedaryc
amelenterovi
rus2

AARAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUCACGGUACC
UUUGUACGCCUAUUUUACAUCCCUUCCCCGUAACUUAGAAGCUUUCAACUAUAAGUUCACUAGCAGG
GCUACCRACCAGGUAGUUCAUCGAACAAGCACUUCUGUUACCCCGGUCCUAGUACCUGAGAAGCUGU
ACCCACGGCGGAAGGGGARAAAGAUCGUUACCCGGCUAUCUACUUCGAGAAGCCUAGUAACGUCAUU
GARACUCUUGAGCGUUGCGUUCAGCACAGUACCCCCUGUGUAGCUUUGGCUGAUGAGUCUGGGCAUU
CCCCACUGGCGACAGUGGCCCAGGCUGCGUUGGCGGCCAACCGAUCLCGGGCAACCGGGUCGGACGCU
CAUUUGUGGACAUGGUGUGAAGAGCCUAUUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACUCCGGAGCAAGUGCGCACAAUCCAGUGUGUGGCUUGUCGUAAUGCGUAAGUCUGGAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCUUAUUUGGCUGCUUAUGGUGACAAUCU
AGUGUUGUUACCAUAUAGCGAUUGGAUUGGCCAUCCGGUGAAUAGCUUUGUGACAAUUCCCUACGUU
AUUUUUCAUAACUCAACUUCACGAGAGUCAUUGAGUUUGACUAAUU

enterovirusd
103

UURAAAGAGCCUGGGGGUGACUCCAGCCCCCAGGACCCACGUGGUGCCAGCACUACUUAGUUACGAU
UAUUUAGUGCGCCUCUUUUAUAUCCCCUCCCCCACCCUUCCCUUUUCCUUGAAUUCUUUCGUAACAR
GUGCCUCAGCAUGACGUUUGCACGGUGUACUGUAACCAUCAGGCAACCAGCCUGUAAAGCAGGAAGL
ACUUCUGUUUCCCCGGUGUGGAUAUUAGGCUGUUCCCACGGCCGAARAUGAAGCAUCGUUAUCCCCA
CUGGUACUGCGCGARAGCUAGUAACACCAAUGAUUUAGAUGGAUCUUUCGCUCAGCAAUUGCCCCGA
UUGUAGAUCGGGCGGAUGGGGCUCCUCGUUCCUCACUGGCGACAGUGGAGGAGCCCGCGUGGCCGLC
CGCCUACCCCGCAUGGGGUAGGAGGUCCAGAURAAUGACAGGGUGUGAAGACUCARGUGCGCUACCAG

enterovirusK
1

203
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UGCAUCCUCCAGGCCUCUGAAUGCGGCUAAUCCUARACCCCGGAGCACCCGCUCACAGUCCAGUAAGU
AGGGUGUCGUAACGCGUAAGUCUGGGAUGGAACCGACUACUUUGAGUGACCUGUGUUUCUUUUAUUYU
UUAUUGAGGUUGUUUAUGGUGACAAAGAUUGGCUCUAUCGUGUAUAGAGUUUACAAGGUGAAAGAGG
AUUUUUACAGACUUUUGUUAUCAAUCUUGUCCUAUCCUACCCGCAGGGGARUUGAUGAUAGAAGUGC
UUUUAGAGGUGAUUCAAUUGAUAGCUCAAACAACUGAGAAUCUUAUUUAUUUUUAUCAAGGUCUGAA
UUUGAAUAAAGAUCCAGUGAAUUUUACCCCCACCUAUUAGCGACCARAUUCACAAGCA

3 | UUAAAACUGGGUGUGGGUUGUUCCCACUCACACCACCCAAUGGGUGUUGUACUCUGUUAUUCCGGUA rhinovirusAl
ACUUUGUACGCCAUUUUCCCUCCCUCCCCAUCCUUUUACGUAACUUACAACUUUUARACACAAGACC B

5| AAUAGUAGGCAACUCUCCAGGUUGUCUAAGGUCAAGCACUUCUGUUUCCCCGGUUGACGUUGAUAUG
CUCUAACAGGGCAAAARCAACUGAUAUCGUUACCCGCAAAGUGCCUACACAGAGCUUAGUAGGAUUC
UGAAAGAUCUUUGGUUGGUCGCUCAGCUGCAUACCCAGCAGUAGACCUUGCAGAUGAGGCUGGACAU
UCCCCACUGGUAACAGUGGUCCAGCCUGCGUGGCUGCCUGCACACUCUUAUGAGGUGUGAAGCCAAA
GAUUGGACAGGGUGUGAAGAGCCGCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGCGGCURAL
CUUAAACCUGCAGCCAUGGCUCAUAAACCAAUGAGCUUAUGGUCGUAAUGAGCAAUUGCGGGAUGGG
ACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUAUCAAUUGCUUAUGGUGACAAUAUAUAC
AUAGAUAUAUAUUGGCAUC

[eo]

3 | UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCCACAGGGAGUGGUACUCUGUUAUUACGGUA rhinovirusA2
8 | ACUUUGUACGCCAGUUUUAUCUCCCUUCCCCCAUGUAACUUAGAAGUUUUUCACAAAGACCARUAGC
6 | CGGUAAUCAGCCAGAUUACUGARGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAUGCUCCAA
CAGGGCAAAAACAACUGCGAUCGUUAACCGCAAAGCGCCUACGCAARGCUUAGUAGCAUCUUUGAAR
UCGUUUGGCUGGUCGAUCCGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCUAGARAUACCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAACAAUGGACAR
GGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUAACCCUG
CAGCUAGAGCACGUAACCCAAUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUAUAUUUGCUUAUGGUGACAAUAUAUACAAUAUAUAUAU
UGGCACC

3 | UUAAAACUGGGAGUGGGUGUUCCCACUCACUCCACCCACGUGGUGCUGUACACUGUUAUUCCGGUAA rhinovirusA7
8 | CUUUGUACGCCAGUUUUUCCCUCCCUUCCCUCAUUAUGUAACUUAGAAGCAUGAACAUAUGGACCAA
7 | UAGGCARUAAUCAUCCAGAUUAUUGAAGGUCAAGCACUUCUGUUUCCCCGGUCARUARAGAUAUGCU
UUACCCAAGGCAAARACUUUUGAGAUCGUUACCCGCACAUCAACUACGCAARAGCCUAGUAUCACCUU
UGAUGUACUAAGACUGGUCGUUUCCUGCAACCCCAGCAGUAGACCUGGCAGAUGAGGCUGGACGUAC
CCCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGLCUCGCCCAUAUGGGCGAGAAGCCUUAUUA
UUGACAAGGUGUGARGAGCCGCGUGUGCUUGGUGUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUU
AACCCUGCAGCCAUUGCUCAUARUCCAAUGAGUUAGUGGUCGUAAUGCGCRAGUGCGGGAUGGGACC
AACUACUUUGGGUGUCCGUGUUUCUUAUUUUUUCUUUCAUGUGUGUUAUAUGGUGACAAUUUAUAGU
AUAUAAGUUGUCAUC

3 | UUAAAACUGGGUUCAGGUUGUUCCCAUCUGAACUUCCCACGUGGAGUAGUACACUAUUAUUACGGUA rhinovirusA8
8 | AUUUUGUACGCCAGUUUUACCUCCCUCCCCAARUGUAACUUAGAAGAUGUACACAACGACCARCAGG
8 | CGGUGGUUAUCCAAACCAUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAUGCUCCAR
CAGGGCARAAAACAACUGCGAUCGUUAUCCGCAAGAUGCCUACGCAARGCUUAGUAACACUUUGGRAG
AUUUAUGGCUGGUCGUUCCACUAUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAARUACCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCURAUGGGUGCGAAGCCAUACAUUGGACAA
GGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUAACCCCG
CAGCCAGUGCACACAAUCCAGUGUGUUUUUGGUCGUAAUGAGUAAUUGUGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUAUUAUGCUUAUGGUGACAAUAUAUACAUAUAUAUUGAC
ACC

3 | UUAAAACUGGAUCUGGGUUGUUCCCACUCAGAUCUCCCACGUGGAGUAGUACACUAUUAUUACGGUA rhinovirusA®
8 | AUCUUGUACGCCAGUUUUARUAAUCCCCUUACCCARGUAARCUUAGAAGAUARACACARAGACCRAUAG
9 | GAGAUGAUCAUCCAGAUCAUCAUAGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUAUGCUCUA
ACAGGGCAAAAACAGCUGAGAUCGUUAUCCGCAAARGCGCCUACGCARAGCCUAGUAACUAUCUGGAA
GUUGCUUGGUUGGUCGCUCCGCCAUAUCCCAUGGUAGACCUGGCAGAUGAGGCUAGAARAUUCCCCAC
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAACCAAGUAAUGGACA
GGGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGEGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGGGCACACARUCCAGUGUGUAUCUAGUCGUAARUGAGCAAUUGCGGGAUGGGACCAACUALC
UUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUGUUUGCUUAUGGUGACARUAUAUAGUAAUAUAUA
UUGGCAUC

3 | UUAARACUGGAUCCAGAUUGUUCCCAUCUGGAUUUCCCACGUGGAGUUGUACACUAUUAUUCCGGUA rhinovirusAl
9 | AUUUUGUACGCCAGUUUUAUGUACCCCCCCCUGUAACUUAGAAGUUUUGARACAAGGACCAAUAGGCA 0

0 | GUAACCACCCAGGUUGCUARAAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCCAACA
GGGCAARARCAACUGAGAUCGUUACCCGCARGGUGCCUACGCAAAGCCUAGUAACCCCUUGARCGAU
GUGUGGUUGGUCGUUCGGCUGUACCCCACAGUAGACCUGGCAGAUGAGGCUAGAUGUUCCCCACUGG
CGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUCUGAGUGCGAAGCCAUACAUUUGACAAGG
UGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCA
GCUAGUACAUGCAAUCCAGCAUGCAGCUAGUCGURACGAGCAAUUGCGGGACGGGACCAACUACUUU
GGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACRAUAUAUAGAUUUAUAUAUUG
UCACC

3 | UUCAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCACGUGGAGUUGUACUCUAUUAUUCCGGUA rhinovirusAl
9 | AUUUUGUAUGCCAGUUUUAUCUCCCCUUCCCUUUUGUAACUUAGAAGAUGAACUCACCGACCAAUAG 1
1 | GUGGCAUUUAUCCAGAAUGUCARAGGUCAAGCACCUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCC
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AACAGGGCAAAAACAUCUGCGAUCGUUAUCCGCAAAGCAACUACGCAAAGCCUAGUAUCACUUUUGA
GAGUAUGUGGUUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAGUCCCC
CACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCCUCUGGUAGGCACGAAGCCAUAUAUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCUAGUGUGCAUAAUCCAAUGCAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCCUUUUAUUUGCUUAUGGUGACAAUAUAUAUAAUAC
AUAUAUAUUGGCAUC

UUCAAACUGGGUUGUGGUUGAUCCCACCACAACUGCUCACUGAGCGUAGUGCUCUCAUAUUCCGGUA
UGCUUGCACGCCAGUUUUACUCCCCUCCCCUCAUUGUAACUUAGAAGCAAAGCACACCUGAUCAAUA
GGAGAUAACUUGCCAGGUUAUCUAAGAUCAAGCACUUCUGUUUCCCCGGCAAGUGUGAAUAUGCUUY
ACCCAAGGCAARAAGCUGAUCUUGUCGUUAUCCGCAAGGUGCCUACGAGAAGCCUAGUARAUGCUCRAG
AUGUGGUUUGACUGGUCGCUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGCUGGACAUUCCCC
ACCAGCGAUGGUGGUCCAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAAUUUACUG
ACAGGGUGUGAAGAGCCUAUUGUGCUCACCUUGAUUCCUCCGGCCCCUGARUGUGGCUAAUCCUAAC
CCCGCUGCUAUUGCACACGAACCAGUGUGUAGAUAGUCGUAARUGAGCAAUAGUGGGAUGGAACCARAL
UACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAUUUGUCUUAUGGUCACAAUAUAUAUAUAACGUA
UAUUGUGAUC

rhinovirusAl
2

UURAAAACUGGGUUCGGGUUGUUCCCACCCARACCACCCACGUGGUGUAGUACACUGUUAUCCCGGUA
ACUUUGUACGCCAGUUUUAUCUCCCCACCCCCUUUUGUAACUUAGAAGUUAUGCACAAUGACCAAUA
GUGGGCAAUCAUCCAGAUUGUCAUCGGUCGAGCACUCCUGUUUCCCCGGUUCAAGUUGATUAUGCUCU
AACAGGGCAAAAACAAUUUGAAUCGUUACCCGCAAGGUGCCUACACAGAACUUAGUACCAUUCUGGA
AAAUUCUUGGCUGGUCGCUCAGUUACUACCCCAGUAAUAGACCUGGCAGAUGGGGCUAGAAGUUCCC
CACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUCUUGGGUGUGAAGCCUAGAAUU
GGACAGGGUGUGAAGAGUCGCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCCACAACCCAGUGGGUCUAUGGUCGUAAUGAGCARUUGCGGGAUGGGACTCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUUAUUUGCUUAUGGUGACAARUAUAUAGAUACA
UAUAUUGACACC

rhinovirusAl
3

UUAAAACUGGGUUCAGGUUGAUCCCACCUGAACCUCCCAAGCGGAGUAGUACUCUGUUAUUUCGGUA
ACUUUGUACGCCAGUUUUAUAUCCCCCUCCCCAUGUAACUUAGAAGAUGAGCUCACAGACCAAUAGC
CGGCAAUCAUCCAGAUUGUCAAUGGUCAAGCACUUCUGUUUCCCCGGUCAARCGUUGAUAUGCUCCAA
CAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAGUGCCUACGCAARGCCUAGUAAUGCUUUCGAAG
UCAUUUGGUUGGUCGCUCCGCUGUAACCCACAGUAGACCUGGCAGAUGAGGCUAGAAACUCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAAUUACGGACAR
GGUGUGRAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUAACCCUG
CAGCUAGAGUGCACAAUCCAGUGUAUUUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUCUUUUUUUAUCUUUUAUUUGCUUAUGGUGACARUAUAUUGAAUUA
UAUAUUGACACC

rhinovirusAl
5

e}

UURAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCUACAUGGUGUUGUACACUAUUAUUACGGUA
AUCUUGUACGCCAGUUUUAUACUCCCUUUCCCAARUGUAACUUAGAAGCAARAGCAAACUGAUCAAUA
GGGGACARAUCAUCCAGAUUGUCAAAGAUCAAGCACUUCUGUUUCCCLCGGUCARAAGUUGAUAUGCUCC
ACAAGGGCAAAAACAACUGAGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUARUACAUUGAA
AGAUACUUGGUUGGUCGCUCAGCUGUUAACCCAACAGUAGACCUGGUAGAUGAGGCUAGAGAUUCCC
CUCCGGCGACGGAGUUCUAGCCUGCGUGGCUGCCUGCACACCCACUGGGUGUGAAGCCAAGUAUUGG
ACRAGGUGUGAAGAGCCGCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUARAR
CCUGCAGCCAGUGCACACAAUCCAGUGUGUAGCUGGUCGUAAUGAGCAAUUGCGGGAUGGGACCAAC
UACUUUGGGUGUCCGUGUCCGUGUUUCACUUUUUUUCCUUUUAUUAUUGCUUAUGGUGACARUAUAU
AUAGCAUAUAUAUAUUGUUAUC

rhinovirusAl
6

UURAAACUGAAUCCAGGUUGUUCCCACCUGGAUUUCCCAUGUGGAGUAGUACACUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUAUAACCCCUUCCCCUUAUGUAACUUAGAAGAUAAGCACARAGACCAAUA
GGUGGUGGCUAUCCCAGUCACUARAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
ACCAGGGCAAAAACAACCGAGAUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAGCACUUUGAA
UAGCAUGUGGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUCCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGUCCUAACGGACACGAAGCCAUAUGUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCCGAAUGUGGCUAACCUUARCT
CUGCAGCUGGGGCAUACAAUCCAGUGUGAACUCAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUUUUAUAAUGCUUAUGGUGACAAUAUAUAAUAAUUUGUAUA
UUGGCACC

rhinovirusAl
8

UURAAACUGGAUCUGGGUUGUUCCCACCCAGAUCAUCCACGUGAUGUUGUGCUCUAUUAUUCCGGUA
AUUUUGCACGCCAGUUUUUCAUCCCUUCCCCCUUUGUAACUUAGAAGACUUAAACAAAUGACCAAUA
GGARAGCRACAARACCAGUUGCGAUAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAUGCUCCA
ACGGGGCAARAACAGCAGCGAUCGUUAUCCGCAAGGUGCCUACGCARAGCCUAGUAGCGCUCUUGAA
AUUGUUUGGUUGGUCGCUCAAGUACAAACCCAGUACUAGACCUGGCAGAUGAGGCUAGAAAACCCCC
ACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCAUUUGGGUGUGAARGCCAAACAACGG
ACAGGGUGUGAAGAGCCACGUGUGCUCAUCUUGAUUCCUCCGGCCCCUGARUGCGGCUAACCUUAAR
CCUGCAGCCAUUGCUCACAAUCCAGUGAGUUGGUGGUCGUAAUGAGCAAUUGCGGGAUGGGACCGAC
UACUUUGGGUGUCCGUGUUUCACUUUUUACCUUGUUUUAUGCUUAUGGUGACAAUAUAUAGUAGUAU
AUAUUGACACC

rhinovirusAl
9
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UUAAAACUGGAUCCAGGUUGCUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCCUACCCCCUUACGUAACUUAGAAGUUUUACACACACCGACC
AAUAGGUGGUAUUUACCCAAAAUACCAAAGGUCAAGCACUUCUGUUACCCCGGUCARRAAUUGAUAUG
CUCCACCAGGGCAAAARCAAUUGCGAUCGUUAUCCGCARAGCAACUACGCAAAGCCUAGUACCAUUU
UUGAUGAUGUGUGGUUGGUCGUUCCACUAUGAACCCGAUAGUAGACCUGGCAGAUGAGGCUAGARAU
UCCCCACUGGCAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUACCCCCUGUGGGUACGAAGCCAUA
CAUUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCURAL
CUUAACCCUGCAGCUAGUGUGUACAAUCCAGUACAUAGCUAGUCGUAAUGAGCARUUGCGGGAUGGG
ACCAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUCAUAUUUGCUUAUGGUGACAAUAUAUAU
AACACAUAUAUUGGCACC

rhinovirusA2
0

UURAAACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCUAUUGGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUUCCCCAAUUGCAACUUAGAAGUUUAUCAAURUGACCAAUA
GGCGGUAGUUAGCCAAACUACCAGAGGUCAAGCACUUCUGUUUCCCCGGUCAAAGUUGAUAUGCUCC
AACAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACACCUUUGA
AGAUUUAUGGUUGGUCGUUCCGCUAUUUCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCCUUGGGUGCGAAGCCAUACAUUGGAL
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUURACCC
UGCAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUAUUGCUUAUGGUGACAAUAUAUAUAAACAUAU
AUAUUGACACC

rhinovirusA2
1

o

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGUGGUGUAGUGCUCUGUUAUUUCGGUA
ACCUUGCACGCCAGUUUUAUCACCCCUUCCCCACGUAACUUAGAAGCUUUUAAACACAGACCAAUAG
GGAGCGACAAACCAGUCGUGAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAUGCUCCUC
CAGGGCAAAAACAACAGCGAUCGUUACCCGCAAGAUGCCUACGCAAAGCUUAGUAAUAUCUUCGAAG
AUACUUGGUUGGUCGCUCAUGUGCAACCCCAGCAUUAGACCUGGCAGAUGAGGCUAGAARUUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAACGGGUGUGAAGCCCAGURUUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACC
CUGCAGCCAUUGCUCACAAUCCAGUGAGUCUAUGGUCGUARUGAGCAAUUGCgGGAUGGGACCGACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUUCCUUAUAUUUGAGCUUAUGGUGACAAUAUAUAGUGAUAU
AUAUUGGCAUC

rhinovirusA2
2

o

CCAAAGUAGUUGGUCCCGUCCCGCAUGCAACUUAGAAGCUUUGCACAAAGACCARUAGCCAGUAAUC
AUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAGUUGAUAUGCUCCACCAGGGCAAR
AAACAACUGCGAUCGUUAUCCGCAAGGCGCCUACACAAAGCUUAGUAGCAUUCUGAAAGUUGUCUGG
UUGGUCGUUCCACCAUUCCCCCUGGUAGACCUGGCAGAUGAGGCUAGAARACUCCCCACUGGCGACAG
UGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAGCCAUACGAUGGACAGGGUGUGAA
GAGCCCCGUGUGCULCGCUUUGAGUCCUCCGGCCCCUGARUGUGGCURACCUUAACCCUGCAGCUAGA
GCACACAAUCCAGUGUGUUUCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUACUUUGGGUGU
CCGUGUUUCCUUGUUCUCUUUGAAUAUCUGCUUAUGGUGACAAUAUAUACGUAUAUAUUGACACC

rhinovirusA2

3

UUAAAACUGGAUCUAGGUUGUUCCCACCUARAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCCUCCCCUCCCCUURAAGUAACUUAGAAGUUGGACAUAUCGACCAAU
AGGUAACAUUUAUCCAAAAUGUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUGUGCUC
UARCAGGGCARAAACAGCUGCGAUCGUUAUCCGCRAAAGCAACUACGCARAGCCUAGUAGCAUUUUUU
GAGAGUAUGUGGUUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUC
CCCACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCUCCUUGUGAGCACGAAGCCAUAUA
UUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCU
UAACCCUGCAGCUAGCGUGUACARAUCCAGUACAARGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGAC
CAACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUUAUAUUUGCUUAUGGUGACARUAUAUAUAU
AACAUAUAUAUUGGCAUC

rhinovirusA2
4

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUACCCCCUAACCCCUUGUAARCUUAGAAGUUAAGCACAUAGACCAAUAG
GCGGUGGCCACCCAGGUCGCUAACGGUCAAGCACUUCUGUUUUCCCGGUUAAGAUUGAUACGCUCCA
ACAGGGCGAARACAGUCUGAAUCGUUAACCGCAARGUGACUACGCARAGCUUAGUARUGCCUUGAAG
AAUUUAUGACUGGUCGUUCCGCUAURACCCCUAGUAGACCUGGCAGAUGAGGCUAGARAUACCCCAC
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUCGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
UGCAGCUAGUGUAUGUAAUCCAACAUAUGGCUAGUCGURAUGAGCAAUUGCGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUUGCUUAUGGUGACAAUAUAUAUAUUAUAUAU
AUUGGCAUC

rhinovirusA2
5

o

UUAAAACUGGGUCUAGGUUGUUCCCGCCUAGAUUACCCAUGUGGUGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCCCCCCCCUGUUUGURACUUAGARGUUUUGARCUUGGAGACC
AAUAGGCGGUGAUUAUCCAGAUCAUCAACGGUCAAGCACUUCUGUUUCCCCCGGUUAGAUUGAUACG
CUCCAACAGGGCGARAACAACUCUAAUCGUUAUCCGCAAGAUGCCUACGCAAAGCUUAGUACCACCU
UCGAUUCUAUUUGGUUGGUCGUUCAGCUACAAAACCCAGUAGUAGACCUGGCAGAUGAGGCUAGAAA
UACCCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAUU
AGUUGACAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAUUCCUCCGGCCCCUGAAUGUGGCUAACC
UUAAACCUGCAGCCAAUGUACACAAUCCAGUGUAUUAUUGGUCGUAAUGAGUAAUUGCGGGAUGGGA
CCAACUACUUUGGGUGUCCGUGUUUCUCUUUUUUACCUUUAUUAUUGCUUAUGGUGACAGUAUAUGG
UAUAUAUAUAUUGUCACU

rhinovirusA2
8

206
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UUAAAACUGGAUCUGGGUUGUUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUACCCCUUUCCCUUUUGUAACUUAGAAGUUAAACACACAGACCAAUAG
GUGAUGGCUAUCCAAGUCAUUAACGGUCAAGCACUUCUGUUUCCCCGGUUUARAAUUGAUACGCUCCA
CCAGGGCGAAAACAAUUUAAAUCGUUAUCCGCAARAUGACUACGCARAGCCUAGUAACAUCUUGAAG
AACUUAUGGUUGGUCGUUCCACUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUACCCCAC
UGGAGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAUAUUUUUGACA
AGGUGUGAAGAGCCCCGUGUGCUCAUUUUGAGUCCUCCGGCCCCUGRAAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCAUGCAAUCCAGCAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUGCUUAUGGUGACAAUAUAUAUAGUACAUAUAU
AUUGGCAUC

rhinovirusA2
9

o

UURAAACUGGAUCCAGGUUGUCCCCACCUGGAUCUCCCACAGGGAGUGGUACUCUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUAUCCUCCCCACCCCUAUGUAACUUAGAAGUUUUACAUAARGACCAAUAG
GUAGUAAUCAUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUUGAUGUUGAUAUGCUCCA
ACAGGGCAAAAACAACAGAAAUCGUUACCCGCAAAGUGCCUACGCARAGCCUAGUAGCACUUUAGAA
GUUGUCUGGCUGGUCGCUCCGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCUAGAAAUACCCCAL
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAUACAAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACCUUAACCCU
GCAGCUAGGGCACACARUCCAGUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUCUUUUAUCCUUAUGUUUGCUUAUGGUGACAAUAUAUGAAUAUAUAUUG
ACACC

rhinovirusA3
0

o

UUAAAACUGGGUGCGAGUUGUUCCCACUCGCACUUCCUACGUGGAGUAGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAACCCUUCCCCUUUUGUAACUUAGAAGUUUGAACUUGAGACCAAUAG
GUGGUGAUCAACCAGAUCGCCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAACAUUGAUAUGCUCCA
CCAGGGCAAAAACAAUUGCGAUCGUUACCCGCAAAGUGCCUACGCARAGCUUAGUAAUAUCUUGAAC
GAUAUAUGGUUGGUCGCUCCACUARUCCCCAUAGUAGACCUGGCAGAUGAGGCUGGARAACUCCCCAC
UGGCGACAGUGUUCCAGCCUGCGEUGGCUGCLUGCGCACUCUCACGAGUGCGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
UGCAGCUAGUGCAUACAAACCAGUAUGUGGCUAGUCGURAUGAGCAAUUGCGGGACGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCUUUUAUGGUUUGCUUAUGGUGACAGUAUAUAGUGUAUAUA
UUGUUACC

rhinovirusA3
1

o

UUAAAACUGGAUCCGGGUUGUUCCCACCCGGAUCUCCCACGUGGAGUUGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCUUACCCCAAGUAACUUAGAAGRAUAAACACACAGACCARAUAGG
AGGUGGUCAUCCAGAUCACUAAGGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUAUGCUCCAA
CAGGGCRARAACAGCUGAGAUCAUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACUACCUCGAAA
GUACUUGACUGGUCGCUCCGCCAUACCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAAUCCCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAGUAAUGGACAG
GGUGUGAAGAGUCGAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCCUAALCCCUG
CAGCUAGGGCACACAAUCCAGUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCUUGUUUUUCAUUUAUAAUUGCUUAUGGUGACAAUAUAUAGUAUUAUAUAU
UGGCGUC

rhinovirusA3
2

o

UUAAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCUACACGGAGUUGUACUCUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUAUACCCCCUUCCCCCUUUGURACUUAGAAGCUGAACAUACUGACCAAUA
GGCGGCAUUCAACCAGAAUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUUAAAGCUGAUAUGCUCC
AACAGGGCAAAAACAGCCUUAAUCGUUAUCCGCAARGACARACUACGCAAAGCCUAGUAUCAUCUUUGA
AAGUAUGUGGUUGGUCGCUCCGCUAUAAACUCAAUAGCAGACCUGGCAGAUGAGGCUAGAAACUCCC
CACUGGCGACAGUGUUCUAGCCUGCGCGGCUGCCUGCGUGCCCUAUACGGGUACGAAGCCAUAUAUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCUGGUAUGCACAAUCCAGUACAUGGCCAGUCGUAAUGAGCARUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCCUAUUUUACCUUUAUAUUUGCUUAUGGUGACAAUAUAUAUAUAA
CAUAUAUAUUGGCAUC

rhinovirusA3
3

Ja

UUAAAACUGGGUCCAGGUUGUUCCCACCUGGACUUCCCACGUGGAGUUGUGCACUGUUAUUCCGGUA
ACUUUACACGCCAGUUUUAUCUCCCUUCCCRAARUGUAACUUAGAAGAUGUACACAGCGACCAAUAGG
UGGCAACUAGCCAAGUUGCUUAAGGUCAAGCACUUCUGUCCCCCCGGUCARUGUUGAUACGCUCUCC
CAGGGCGAAARACAACUGAGAUCGUUAUCCGCAAGGCGCCUACACAARACCUAGUAACAUCUUGARUG
GUAUGUGGCUGGUCGUUCCGCUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGUCCUUACGGACACGAAGCCAUAUACUUGACA
AGGUGUGAAGAGUCCCGUGUGCUCCUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCCAGUGCGCACAAACCAGUGUGUAGCUGGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAUUAUGCUUAUGGUGACAAUAUAUAGAUGCAUAUA
UUGACACC

rhinovirusA3
4

=

UURAAACUGGGAGUGGGUUGUUCCCACUCACUCCACCCAUGCGGUGUUGUACACUGUUAUUACGGUA
ACCUUGUACGCCAGUUUUGCCACCCUUCCCCAUUAUGUAACUUAGAAGUUUGUACAACAAGACCAAU
AGGUGAUAAUUAUCCAGAUUAUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCGAUGAGGAUAUGCUU
UACCCAARGGCAAAAACCUUAAAGAUCGUUAUCCCCACACUGCCUACACAGAGCCUAGUACCACUUUU
GAUGUAAUUAGGUUGGUCGCUCCCUGCAAACCCAGCAGUAGACCUGGCAGAUGAGGCUGGACACUCC
CCACUGGUGACAGUGGUCCAGCCUGCGUGGCUGCCUGCUCACCCUAUUGGGUGAGAAGCCUACUUAU
UGACAAGAUGUGAAGAGCCGCGUGUGCUCAGUGUGCUUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCCGCUGCCCAUAAUCCAAUGGGUUUACGGUCGCAACGCGCAAGUGCGGGAUGGGACCA

rhinovirusA3
6

207
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ACUACUUUGGGUGUCCGUGUUUCCUAUUUUUCUUUUAUUUGCAUUUUAUGGUGACAAUUUAUAGUAU
AUAGAUUGUCGUC

UURAAACUGGAUCUGGGUUGUUCCCACUCAGAUCUCCCAUGCGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUUACACCCUCCCCCCUUGUAACUUAGAAGAAAGUACAUAACGACCAAUAG
GUGGCAAUURACCAARAUUGUCAACGGUCAAGCACUUCUGUUUCCCCGGUCAAGAUUGRUACGCUCCA
ACAGGGCGAAAACAAUUGAGAUCGUUAUCCGCAAAGUGCCCACGCARAGCCUAGUAACACUUUGAAA
GGUCUAUGGUUGGUCGUUCAGCUARACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAARAUUCCCCACL
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCACGGGUGUGAAGCCAUAUACUCGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
CGCAGCUAGUGCAUACRAACCAGUAUGUGGCUAGUCGUAAUGAGCARUUGUGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUUCCUUUUGUUUGCUUAUGGUGACAAUAUAUAUAGUAUAUAU
UGACACC

rhinovirusA3
8

UUAAAACUGGAUCUGGGUUGUUCCCACCUAGAUCACCUACAGGGUGUAGUACACUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUAUAUCCCCCCCCCCAACGUARCUUAGAAGCAAGCACAAACGUCCAAUAG
GCGGUGAUCAUCCAARAUCACUUACGGACAAGCACUUCUAGUCUCCCCGGCAACUGCUGAUAUGCUCC
AACAGGGCAAAAACAGCGGGAGUCGUUAUCCGCARAAUGCCUACGCAAAGCCUAGUAUCACCCUAGA
AGGUGUGUGGUUGGUCGCUCAGCCGUGAACCCGACGGUAGACCUGGCAGAUGAGGCUAGAAAUACCC
CACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCACGGGUGUGRAGCCAUUCAUUG
GACAGGGUGAGAAGAGCCCAGUGUGCUCAUUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAA
ACCUGCAGCCAAUGCACACAAUCCAGUGUGUAUUUGGUCGUAACGAGCAAUUGCGGGAUGGGACCAA
CUACUUUGGGUGUCLCGUGUUUCUUUUUAUUCUUAUCAUUUUGCCUAUGGUGACAUAUAUACUGUUAU
AUAUUGUUAUC

rhinovirusA3
9

[

UURAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCUACAUGGAGUUGUACUCUGUUAUUCCGGUA
ACCUUGUACGCCAGUUUUAUAUCCCCCCCCAUUGUAACUUAGAAGUUAUGCAUACAGACCAAUAGGU
GGUGAUCCUCCAGAUCACUAACGGUCAAGCACUUCUGUUUCCCCGGUUUGAAUUGAUACGCULCCARAL
AGGGCGAAAACAGUUUAAAUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAGCACUUUAGAARA
UCUAUGGUUGGUCGUUCAGCUAUACCCCCUAGUGGACCUGGCAGAUGAGGCUAGAAGUACCCCACUG
GCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUAUAUUUGACAA
GGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUAACCCUG
CAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUUUGCUUAUGGUGACAAUAUAUAUAUAACAUAUAU
AUUGGCAUC

rhinovirusaA4
4]

UURAAACUGGGUUUGGGUUGAUCCCACCCARACCACCCACGUGGUGUAGUACACUGUUAUCUCGGUA
ACUUUGUACGCCAGUUUUAUCUCCCCCUCCCCCCUUUGUAACUUAGAAGUCAUGCACAAUGACCAAU
AGCAGGCAAUCAUCCAGAUUGUCAUCGGUCAAGUACUUCUGUUUCCCCGGUUCAGAUUGAUAUGCUC
CAACAGGGCAAAAACAACCUGGAUCGUUAUCCGCAAGAUGCCUACGCAGAACCUAGUAUCACACUGG
AAGAUUCUCGGUUGGUCGCUCAGUUACAACCCCAGUAACAGACCUGGCAGAUGAGGCUAGAAATUUCC
CCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCGUUUGGGUGUGAAGCCUAGAAUU
GGACAGGGUGCGAAGAGUCGAGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCCACAARCCAGUGGGUCUAUGGUUGUAAUGAGCARUUGCGGGAUGGGACCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUUAUUUGCUUAUGGUGACARUAUAUAGAUACA
UAUAUUGACACC

rhinovirusA4
1

UUAAAACUGGGUCCAGGUUGCUCCCACCUGGAUCACUCACUGAGUGUUGUAUACUGUUAUUACGGUA
ACUUUAUACGCCAGUUUUAUCUCCCCUUACCCCARUGUARACUUAGAAGUUUGUACAUACCGACCAAU
AGUGAGCAAUCAUCCAGAUUGUUUAAGGUCAAGCACUUCUGUUACCCCGGUCAGCGUUGAUAUGCUC
CARCAGGGCAAAAACAACARAUGAUCGUUAUCCACRAGAUGCCUACACAGAGCCUAGUAACAUUCUAG
AAAAAUUCUGGUUGGUCGCUCAAUUGCAAACCCAGCAAUAGACCUGGCAGAUGAGGCUGGACADUCC
CCACUGGCGACAGUGGUCCAGCCUGCGUGGLUGCCUGCACACUCCUUUGGAGUGUGAAGCCAUARUU
UGGACAGGGUGCGAAGAGCCGCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUU
AAACCUGCAGCCAUUGUUUGCAAUCCAGCAGAUaUAUGGUCGUAAUGAGCAAUUGCGGGAUGGGACC
GACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCCAUUUAUAUGCUUAUGGUGACRAAUAUAUGAUAUA
UAUUGACACC

rhinovirusA4
3

i

UUAAAACUGGGUCGUGGUUGUUCCCACCACGACUAUCUACGGAUGUAGUGCUCUUGUAUUCCGGUAC
GCUUGCACGCCAGUUUUGUCACCCCCCCCUACAUUGUAACUUAGAAGAUUAACACAARAGACCAAUAG
GCGGCAAUGAACCACAUUGUCAACGGUCAAGCACUUCUGUUUCCCCGGUCAAUCUAGAUAUGCUUUA
CCAAAGGCAAAAACUGGAGCGAUCGUUAUCCGCAAGGUGCCUACGGGAAACCCAGUAGCAUUCUUUA
UUUGAUCUGGUUGGUUGCUCAGCCGUUAAACCCARACGGUAAACCUGGCAGAUGAGGCUGGAAGAUC
CCCACCAGCGAUGGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCGAAAGGGUGUGAAGCCUUUUCA
AAGACAGGGUGCGAAGAGUCUACUGUGCUCACCUUGAUUCCUCCGGCCCCUGAAUGUGGCUAAUCCU
AACCCCGUAGCUGUGGUGUGCARUCCAGCACAUUCGCAGUCGUAAUGGGUAACUGCGGGAUGGAACC
AACUACUUUGGGUGUCCGUGUUUCUCUUUUUCCUUUUAUAUAUGCUUAUGGUGACAAUUAUACGGAU
AUAGUUGUCAUC

rhinovirusA4d
5

=

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUUUCCCAUGUGGAGUAGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUAUUCCCUACCCCGAGUAACUUAGAAGAUAAGCACACAAGGCCAAUAG
UGGGUGAUUAGCCARAUCAUCARAGGUCAAGCACUUCUGUUUCCCCCGGUCAAGGUUGAUAUGCUCU
ACCAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAAUGCCUACACAAAGCCUAGUAUCAUCUUGGA
AGGCACAGAGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAAAUCCCCA
CUGGCGACAGUGUUCUAGCCUGCCUGGCUGLCCUGCGUGLCCUUGCGAGGCACGAAGCCCUGUGUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUUUUGAUUCCUCCGGCCCCUGAAUGUGGCURACCUUAACC

rhinovirusA4
6

208




WO 2024/193634

PCT/CN2024/082941

CUGCAGCUAGUGCACACAAACCAGUGUGUAUCUAGUCGUAAUGAGUAAUUGCGGGACGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAAUUGCUUAUGGUGACAAUAUAUAUAAAUAUAU
AUUGACACC

-

UUAARACUGGGUGUGGGUUGUUCCCACCCACACCUCCCACGUGGAGUAGUACACUGUUAUCACGGUA
AUUUUGUACGCCAGUUUUAUAACCCCUUUCCCUUUUGUAACUUAGAAGUUUGAACUUGAGACCaAUA
GGCGGUGGUCAACCAGAUCACUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
AGCAGGGCAAAAACAGCUGCGAUCGUUAUCCGCAAAGUGCCUACGCAAAGCUUAGUAACAUCUUGAA
UGAUAUAUGGUUGGUCGUUCCACUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUGGAAAUUCCCCA
CUGGCGACAGUGUUCCAGCCUGCGUGGCUGCCUGCGCACUCUVAUGAGUGCGAAGCCAUAUAUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACC
CUGCAGCUAGUGCAUACAAUCCAGUGUGUAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUCCUUUUAUGAUUUGCUUAUGGUGACAGUAUAUAGUUUAUAU
AUUGUUGCC

rhinovirusA4
7

N

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCAAAGGGAGUGGAACUCUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUAUCCUCCCCCACCCCAUGUAACUUAGAAGCUUUUCACAAAGACCAAUAG
UUGGUAAUCAUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCUA
ACAGGGCAAAAACAACUGCGAUCGUUAUCCGCAAAGCGCCUACGCARAGCCUAGUAACACCUUUGAA
AUUGUUUGGUUGGUCGUUCCGCCAUUUUCCCUGGUAGACCUGGCAGAUGAGGCUAGARACACCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUGUGGGUGUGAAGCCARARUAAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACCCU
GCAGCUAGAGCACACAAGCCAGUGUGUAUCUAGUCGUAAUGAGUAAUUGCGGGACGGGACCGACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACUUAUAAUUGCUUAUGGUGACAAUAUAUAUAUAGUAUAUAU
AUUGACACC

rhinovirusA4
9

N

UURAAAACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCURAAUGGGAGUUGUACUCUGUUAUUCCGGUA
ACUUUGUAUGCCAGUUUUAUCUCCCUACCCCCAAUGUAACUUAGAAGAUGUACACAACGACCARAUAG
GUGAUGAUCAACCAGAUUAUCAAAGGUCAAGCACUUCUGUUUUCCCGGUUAGAGUUGAUAUGCUCCA
ACAGGGCAAAAACARACUUUAAUCGUUAUCCGCAAAGCGCCUACGCARAGCCUAGUAACAGCUUCGAA
GAUUUAUGGUUGGUCGUUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGCUAGAGAUUCCCCAC
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCUUCGGGUGCGAAGCCAUAUUUCGGACA
AGGUGCGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGEGCCCCUGRAAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCAUACARACCAGUAUGUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUCUUUUUCCUUUUAUUAUUGCUUAUGGUGACAAUAUAUAGUUUAUAUAU
UGGCACC

rhinovirusAb
0

[\S}

UUAAAACUGGGUGUGGGUUGUACCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUACGGUAU
GUUUGCACGCCAGUUUUUACCCCCCCCCCAAAUUUGUAACAUUAGAAGUCUGCACUCUUAACCUGGU
CARUAGGAGGUAGCAAUCCAUGCUAUCUAAGACCAAGCACUUCUGUUACCCCGGUAUGCGGAGARAUA
GACUCCAAAAGGGUUGAAGCUCCARAUAUCGUUAUCCGCACAAUUACUACACAAAGCCUAGUAAUAU
CUUGAURAGCUCUUUGGUUGGUCGUUCAGCUGUUACCCCCAGUAGACUUGGCAGAUGAGGCUGGGUG
UUCCCCACUGGCGACAGUGACCCAGCCUGCGUGGCUGCCUACACACCUGGAGACAGGUGUGAAGCCA
AAAGUGGACAAGGUGUGAAGAGLCCCGUGUGCUARUUGUGAUUCCUCCGGCCCCUGARUGCGGCUAR
UCCAACCCCACAGCCAAUGCAUGUAAACCAACAUGUAUUUGGUCGUAACGGGUAACUGUGGGACGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUaUUGCUUAUGGUGACARGUAUUGGUAUAU
AUUUGUCAUC

rhinovirusAS5
1

N

UURAAACUGGAUCUGGGUUGCUCCCACCCAGAUUACCCRAGUGGUGUAGUACUCUGUUAUUACGGUA
GCUUUGUACGCCAGUUUUAUCACCCCUCCCCACAAUGUAACUUAGARGUUUUACACUUACAGACCAR
UAGGAUGUGAUUAUCCAARRUCACUARAGGUCAARGCACUUCUGUUUCCCCGGUUAGAUUUGAUACGCU
CCAACAGGGCGAAAACAGAUCUGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCUUAGUAGCGLCUCUG
AAUGCUUUUUGGCUGGUUGUUCCACUACAAACCCAGUAGUARACCUGGCAGAUGAGGCUAGAAGUUC
CCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAUCAGU
UGACAGGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUA
AACCCGCAGCCAAGGUGUGCAAACCAGCACAUUCUUGGUCGUAACGAGUAAUUGUGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUUUACARAUGCCUAUGGUGACARUAUAUAGUAUAU
AUUGUCAUU

rhinovirusAS
3

N

UURARACUGGGUCUAGGUUGUUCCCACCUAGACCUCCUACAUGGAGUUGUACUCUAUUAUUUCGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCUUUCCCCACGUAACUUAGAAGUUURAACACACUGACCAAUAG
GUGGCAAUUAACCARAUUGCUAAAGGUCAAGCACUUCUGUUUCCCCGCGUCAAGAUUGAUACGCUCUA
CCAGGGCGAAAACAAUUGAGAUCGUUACCCGCAAAGUGCCUACGCGAAGCCUAGUAACAUCUUGAAG
AAUUUAUGGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGARAGAGCCUAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCURACCUURAACC
CGUAGCUAGUGCAUACAAUCCAGUGUGUGGCUAGUCGUAACGAGCAAUUACGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAGAUUAUAUA
UUGACACC

rhinovirusAS
4

N

ACCUUCCUCCAUGUAACUUAGAAGAUGUACACUCAGACCAAUAGGUGAUAAUCCUCCAGAUUAUCUA
AGGUCAAGCACUUCUGUUUCCCCGGUCUAAACUGAUAUGCUCCAACAGGGCAAAAACAGUGCAGAUC
GUUAUCCGCAGGAUGCCUACGCAAAGUCUAGUAACCCCUUUGAAGAUAUUUGGUUGGUCGCUCCACU
AUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAARAUUCCCCACUGGUGACAGUGUUCUAGCCUGCG
UGGCUGCCUGCACACCCUAUUGGGUGUGAAGCCARAUAUUGGACAAGGUGUGAAGAGCCCCGUGUGL
UCAUCCUGAGUCCUCCGGCCCCUGAARUGUGGCUAACCUUAACCCUGCAGCUAGUGCAUGCAAUCCAG

rhinovirusAb
5

209
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CAUGUAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACUUUGGGUGUCCGUGUUUCACUU
UUUACCUUAUAUUUGCUUAUGGUGACAAUAUAUAUUGCAUAUAUAUUGGCAUC

N W

UURAAACUGgGUUCAGGUUGUUCCCACCUGGACUUCCUAUGUGGAGUUGUACACUGUUAUCCCGGUA
ACCUUGUACGCCAGUUUUAUACACCCUUCCCUGUAACUUAGAAGUUAUAAGCACGAGGACCARUAGG
UAGUGACUUUCCAGGUCACUAAAGGUCAAGCACUUCUGUCUCCCCGGUCARAGUUGAUAUGCUCUCC
CCAGGGCAAAAACAAUUGAGAUCGUUAUCCGCAAUGUGCCUACGCARAGCCUAGUAAUAUCUUAGAU
GAUAUAUGGUUGGUCGCUCCGCCAUUUCCCAUGGUAGACCUGGCAGAUGAGGCUAGAARACUCCCCAL
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUCUGAGUGCGAAGCCAUAUAUUUGACA
AGGUGUGAAgAGCCCCGUGUGCUCACAUUGAAUCCUCCGGCCCCUGAAUGUGGCUAACCUUARACCU
GCAGCUAGUGCACACARACCAGUGUGUAGCUAGUCGUAACGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUUCCUUUUAUARUUUGCUUAUGGUGACRAAUAUAUAUAAUACAUA
UAUUGACACC

rhinovirusAb
6

N

UURAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACGGGAGUUGUACUCUGUUAUUUCGGUAA
CCUUGUACGCCAGUUUUAUCUCCCCUCCCCCARUUGUARCUUAGAAGCAAUACACAAGGACCAAUAG
GCAGUGAUUAACCAGAUCACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCUGAGUUGAUAUGCUCUA
ACAGGGCAAAAACAAGUCAGAUCGUUAUCCGCAAAGUGCCUACGCARAGCCUAGUAUCAUCUUUGAA
AAUGUAUGGUUGGUCAUUCCGCUGAACCCCACAGUAGACCUGGCAGAUGAGGCUAGARACCCCCCAL
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCLCCCGUGUGCUCACUUUGAGUCCUCLCGGCCCCUGAARUGUGGCUAACCCURALCE
UGCAGCUAGUGCAUACAAGCCAGUAUGUUGCUAGUCGUAACGAGCAAUUGCGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUACCUUUAUACUGCUUAUGGUGACAARUAUAUAUAUAGCAUAU
AUAUUGACACC

rhinovirusAb5
5

N

UURAAACUGGGAGUAGGUUGUUCCCACCUACUCUACCCACGUGGUGUUGUACACUGUUAUCACGGUA
ACUUUGUAUGCCAGUUUUGCCACCCUUCCCCGUAGCGUAACUUAGARGUUUGUACACUUAGACCAAY
AGGCGAUAAUCAUCCAGAUUAUCAAAGGUCAAGCACUUCUGUUUCCLCCGGUCAAUGAGGAUAUGCUU
UUCCCAAGGCAAAAACCUUAGAGAUCGUUAUCCCCACAUUGCCUACACAGAGCCUAGUAUCACCUUU
GAUGUAUUUAGACUGGUCGCUCCCUGCAAACCCAGCAGUAGACCUGGCAGAUGAGGCUGGACGUUCC
CCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCCCACCCAUUUGGGUGGGAAGCCUAACUAU
UGACAUGGUGUGAAGAGCCGCGUGUGCUCAAUGUGCCUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCCGCAGCCGCUGCCCAUGAUCCAGUGGGUAUACGGUCGUAACGCGCAAGUGUGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUUUUUUAUGCAUUUUAUGGUGACAAUUUAUGGU
AUAUAGAUUGUCAUC

rhinovirusAS
8

N

UURAUACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCAAGCGGAGUGGUACACUAUUAUCCCGGUA
AUUUUGUACGCCAGUUUUAUAACCCCUCCCCUUUGUAACUUAGAAGAUGUAAACACAGACCARUAGG
UGGUAACUAACCAAGUUACUAAAGGUCAAGCACUUCUGUUUCCCCGGCUGAUAUUGAUAUGCUCCAC
CAGGGCAAAARACAAUAGAAGUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACACUUUGAAUU
GUUUAUGGUUGGUCGCUCAGCUAUUCCCCCUAGUAGACCUGGCAGAUGAGGCUAGAAARUACCCCACU
GGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCCUCCGGGUGCGAAGCCAUACACAUGACA
AGGUGCGAAGAGCCCCGUGUGCUCACUUUGAAUCCUCCGGCUCCUGAAUGUGGCUAACCUUARACCU
GCAGCCAGUGCACAUAAGCCAAUGUGUAUCUGGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACUAL
UUUGGAUGUCCGUGUUUCUUGUUUUUCCUUAAUUUUGCUUAUGGUGACRAAUAUAUAGAUAAUAUAUA
UUGGCAUC

rhinovirusAb
9

w

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUAACGGGAGUAGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUGAUCCCCUCCCCCUUUUGUAACUUAGAAGUUAAACARAAUGACCAAU
AGGCGGCAAUCUCCCAGAUUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAGCUGAUAUGCUC
CARCAGGGCAAAAACAGCUGAGAUCGUUACCCGCRAAGUGCCUACGCARAGCUUAGUAACACUUUUG
AAGUUACGUGGUUGGUCGCUCAGCCAAACCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAGUACCCC
ACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAGCCAUAUAAUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACC
CUGCAGCUAGUGCAUGCAAUCCAGUAUGUAUCUAGUCGUARUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCCUUUUUAUCCUUAUUGAUUGCUUAUGGUGACAAUAUAUAGUAUUAUA
UAUUGACaCC

rhinovirusA6
0

w o

UUAAAACUGGGUCUGGGUUGCUCCCACCCAGACCACCCAUGUGGUGUUGUACACUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUGAACUCCCCUACCCCUUUUGUAACUUAGAAGCUAAACACAUCGACCAAU
AGCAGGCAAUCACCCAGAUUGCUUAUGGUCAAGUACUUCUGUUUCCCCGGUCUCCUCUGAUAUGCUC
UACCAGGGCAAAAACAGAGUAGAUCGUUAUCCGCAAGAUGCCUACGCAACGCCUAGUAACACUUUGA
AGUGUUUUUGGUUGGUCGCUCAGUUACAACCCCAGUAAUAGACCUGGCAGAUGAGGCUAGAUAUCCC
CCACUGGCGACAGUGAUCUAGCCUGCGUGGCUGCCUGCACACCCUUUAUGGGUGUGAAGCCARACAU
AUGACAAGGUGCGAAGAGCCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUC
AACCCUGCAGCCAUUGCUCACAARGCCAGUGGGUAUGUGGUCGUARUGAGARAUUGCGGGACGGGACC
GACUACUUUGGGUGUCCGUGUUUCACUUUUUUACCUUAUUUUGCUUAUGGUGACARAUAUAUAUACAG
AUAUAUAUUGACACC

rhinovirusA6
1

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACGUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUAUUCCCUACCCCUUUUGUAACUUAGAAGUUAAGCACACAGACCAAUA
GGCGGUGACCACCCAAGUCACUAACGGUCAAGCACUUcUGUUUCCCCGGUUAAGAUUGAUACGCUCC
AACAGGGCGAAAACAAUUUAAAUCGUUAACCGCARAGUGACUACGCAAAGCUUAGUAAUACCUUGAA
GAAUUUAUGGCUGGUCGUUCCGCUAUAACCCCUAGUAGACCUGGCAGAUGAGGCUAGARAUACCCCA
CUGGUAACAGUGUUCUAGCCUGCGUGGCUGLCCUGCACACCCUUUUUGGGUGUGARGCCAUAUAUUUG
ACAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUURAC

rhinovirusAé6
2

210
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CCUGCAGCUAGUGUAUGUAAUCCAACAUAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAAL
UACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUUGCUUAUGGUGACAAUAUAUAUAAUAUAU
AUAUUGGCAUC

w

UUAARACUGGGUCCAGGUUGUUCCCACCUGGACCUCCUAAGUGGAGUGGUACACUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCACCCCCCUUUUGUAAUUUAGAAGUUAUGAACACAGACCAAU
AGGUGGCAACUAGCCAAGUUGUUAAAGGUCAAGCACUUCUGUCUCCLCCGGCUGACGUUGAUAUGCUC
CAACAGGGCAAAAACAAUGAAAGUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAACACUUUGA
AAUGUCUAUGGUUGGUCGCUCAGCUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCC
ACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCUCCCCGGGUGCGAAGCCAUAUAUAU
GACAAGGUGCGAAGAGCCCCGUGUGCUCACUUUGAAUCCUCCGGCUCCUGAAUGUGGCUAACCUUARA
CCCCGCAGCCAGUGCACAUAAGCCAAUGUGUGGCUGGUCGUAAUGAGCAAUUGUGGGAUGGGACCAA
CUACUUUGGAUGUCCGUGUUUCCUGUUUUUCUUUUAUUCUUGCUUAUGGUGACAAUAUATUAUAGUUU
AUAUAUAUUGGCAUC

rhinovirusA6
3

w

UUCAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGUGGUGUAGUACUCUGUCAUUCCGGUG
ACUUUGUACGCCAGUUUUUACACCCCCCCCUUCUUGUAACUUAGAAGAAUUAAGUUCAGACCAAUAG
GAAAACGACAAACCAGUCGUUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGCUGAUAUGCUUCA
CCAAGGCAAAAACAGCAGCGAUCGUUACCCGCAAGACGCCUACGCARAGCCUAGUAAUGCCUUUGAA
GAUAUUUGUCUGGUCACUCAGGUACAAUCCCAGUACUAGACCUGGCAGAUGAGGCUGGAAAAUCCCC
ACUGGCGACAGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCAUACGGGUGUGAAGCCAAAUAUUGG
ACAAGGUGUGAAGAGCCCCGUGUGCUCGUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAAC
CCCACAGCCAUUGCUUGCAUUCCAGCAAGUCUAUGGUCGUAAUGAGCAAUUGUGGGAUGGGACCGAC
UACUUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAUUAUGCUUAUGGUGACAAUAUAUAGCGUUAU
AUAUUGGCAUC

rhinovirusAé
4

w

UUAAAACUGGGUGUGGGUUGCACCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUACGGUAU
GCUUGCACGCCAGUUUGUUUCCCCUUUCCCCUUUUGUAACUAUAGARAGAUUGCACUUAAUCULCGACC
AAUAGGCAGUAGUGAUCCACACUACUUACGGUCAAGCACUUCUGUUACCCCGGUAUGCGGAGRAUAG
GCUCUGAAAAGGGCUGAAGCUUCAAUUAUCGUCAUCCGCGCAAUUACUACGCAARGCUUAGUAACUU
CCCAAGAAAUUCUUUGGUUGGCCGUUCCGCUGGUACCCCACCAGUAGGCUUGGCAGAUGAGGCUGAG
UAAUCCCCACUGGCGACAGUGACUCAGCCUGCGUGGCUGCCUACACACCUGGUAACAGGUGUGAAGC
CAUAGARAGGACAGGGUGUGAAGAGCCCCGUGUGCUAAUUGUGAUUCCUCCGGCCCCUGAAUGCGGC
UAAUCUAACCCCACAUCCAAUGCGCAUAAGCCAAUGCGUAUUUGGUCGUARUGGGCAACUGUGGGAC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUUAUAAUUAGUUCAUGGUGACAAGUAU
AAGUGUUUAUAUUUGUCAUC

rhinovirusAé
5

N W o

UUAAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCCAUGUGGAGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCUUCCCCUUUUGUAACUUAGAAGUCGUGAACACAGACCAAUA
GGUGGCGAUCACCCAGAUCGCUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
ACCAGGGCAAAAACAACGGAGAUCGUUAUCCGCAAGGUGCCUACGCAAAGCCUAGUAACCUCUUGGA
GGAUAUAUGGUUGGUCGCUCAGCUAUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGARACUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUUAUGAGUGCGAAGCCAUAUAUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCCUARCT
CUGCAGCUAGUGCAUGAAAUCCAUCAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAUAURACAU
AUAUAUUGGCAUC

rhinovirusAé
6

w

UURAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCCRAGUGGAGUGGUACACUAUUAUCACGGUA
AUUUUGUACGCCGGUUUUAUCUCCCCUUACCCCAAGUAACUUAGAAGUAUUACAUAAAGACCAACAG
GCAGUGARUUAUCCAGAUCACUARAGGUCAAGCACUUCUGUCUCCCCGGUCRAAAGUUGAUAUGCUCCA
ACAGGGCAAAAACAACUGAGAUCGUUAUCCGCAAAGUGCCUACGCAGAGCCUAGUAACUACCUUGAA
AUUACUUGGUUGGUCGUUCCACCARACCCCAUGGUAGACCUGGCAGAUGAGGCUAGARAUUCCCCAL
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAGUAAUGGACA
GGGUGUGAAGAGCCGAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUARCCCU
GCAGCUAGAGCGCGCARACCAGCGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUUGCUUAUGGUGACAAUAUAUAAUUAUUUGUAUA
UUGGCACC

rhinovirusA6
7

w

UURARACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCUACGUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUACCCCUCUAUGUAACUUAGAAGUUUAUGCACAGCGGCCAA
UAGGUGACAUUUAUCCAAAAUGUCARAGGUCAAGCACUUCUGUUACCCCGGUUAGAAUUGAUAUGCU
CCAACAGGGCAAAAACAAUUUUGAUCGUUAUCCGCAAGGCAACUACGCAAAGCCUAGUACCAUUUUU
GAUGAUGUGUGGUUGGUCGCUCCACUGUGAACCCGACAGUAGACCUGGCAGAUGAGGCUAGARAUUC
CCCACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUACCCUUUUGCGGGUACGAAGCCAUAC
AUUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCCUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACC
UUARACCCUGCAGCUAGUGUGCACAAUCCAGUGCAUGGCUAGUCGUAACGAGCAAUUGCGGGAUGGGA
CCAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUAUUUGCUUAUGGUGACAAUAUAUACA
UAAUAUAUAUAUUGGCACC

rhinovirusA6
8

w

UUAAAACUGAGUGUGGGUUGUUCCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUCCGGUAU
GUUUGCACGCCAGUUUGCCUCUCCUUUUCCCACGUAACGUUAGAAGCUUAUGCACUARAUCGACCAC
UAGGUGAGUGAUAAACCAUAUCAUUCUUUGGUCAAGCACUUCUGUUUCCCCGGUAUGCAGGGAAUAG
GCCCUCCCCAGGGCUGARAGCCUUARUUAUCGUUAUCCGCACAUUUACUACGCAARAGCCUAUUAGCGU
UCUGGAAGUUCACUGGCUGGUCGUUCCGCUAGACUAACCCGUCUAGUAGACCUGGCAGAUGAGGCUG
GAUAAACCCCACUGGCGACAGUGAUCCAGCCUGCGUGGCUGCCUGCACACCUGGAAACAGGUGUGAR

rhinovirusA7
1

211
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GCCCAUGAAUGGACAGGGUGUGAAGAGCCCCGUGUGCUAAGUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAAUCUAACCCCACAGCUAAUACACACAAACCAGUGUGGAUUUAGUCGUAAUGGGUAACUGUGGG
ACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUUUUAUAUUGCUUAUGGUGACAGGU
AUAUAGAUAUAUAUUUGUUACC

=y

UUARAAACUGGGUUUGGGUUGAUCCCACCCARACCUCCCAAGCGGAGUGGUACUCUGUUAUUUCGGUA
ACUUUGUACGCCAGUUUUAUAUUCCCUCCCCCCUUUAARCUGUAAAGCUAAGCACACAGACCAAUAG
CUGACAAUCAUCCAGAUUGUUAAUGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCCA
ACAGGGCAAAAACAACUGCGAUCGUUAUCCGCAAAGUGCCUACGCARAGCCUAGUAGCACCUUUGAA
GUCAUUUGGUUGGUCGCUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGCUAGAARAUACCCCAL
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAAUCAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACCUUAACCCU
GCAGCUAGAGUGCACARUCCAGUGCAUUUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUAUUAUUUGCUUAUGGUGACAAUAUAUAUAAUUAUAUAU
UGGCACC

rhinovirusA7
4

sy

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCACCCAAUGGGUGUAGUAUACUGUUAUUACGGUA
ACUUUAUACGACGGUUUUAUCUCCCCCCCCCCCUUAUGUAACUUAGAAGUUUUGCACACCGACCAAU
AGUGGACAAUCAGCCAGAUUGUUUUAGGUCAAGCACUACUGUUUCCCCCGGUCAACGUUGAUAUGCU
CCGACAGGGCAAARACAACAGCGAUCGUUAUCCGCAAGGUGCCUACACAGAGCUUAGUACCGCCUUA
GAAGGAUUGUGGUUGGUCGCUCAGUUGCAACCCCAGCAAUAGACCUGGCAGAUGAGGCUGGALCAUUC
CCCACUGGUGACAGUGGUCCAGCCUGCGUGGCUGCCUGCACACCUCUAUGAGGUGUGAAGCCAGAAU
UUCGACAAGGUGCGAAGAGCCGCGUGUGCUCACCUUGARUCCUCCGGCCCCUGARUGCGGCUAACCU
UAAACCCGCAGCCAUGGUCCACAAUCCAGUGGAUGUAUGGUCGUAAUGAGUAAUUGUGGGAUGGGAC
CGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUUCUUUUAUACUGCUUAUGGUGACARUAUAUAUGA
UAUAUAUUGGCACC

rhinovirusA7
5

UUARAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACAAGGAGUUGUACUCUAUUAUUGCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUCCCCGAUAUGUAACUUAGARGCUGAACACARAGACCARUA
GGUGACAUUUAAUCCARAAUGUUARAAGGUCAAGCACUUCUGUUUCCCCGGCCAARGUUGAUAUGCUC
CAACAGGGCAAAAACAGCUGCGGUCGUUAUCCGCAAAACAACUACGCAAAGCCUAGUACCACCUUCU
AGAGCAUGUGGCUGGUCGCUCCACUAUAAACCCARUAGUAGACCUGGCAGAUGAGGCUAGGAGCUCC
UCACUGGUAACAGUGUCCUAGCCUGCGUGGCUGCCUGCGCACCCUGACAGGUGCGAAGCCARAUGUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGUUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCUAGUGUGUACAAUCCAGUGCAUAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUUAUUUUUUCCUUAUAUUUGCUUAUGGUGACAAUGUAUAUAUAA
CGUAUAUAUUGGCAUC

rhinovirusA7
6

UUAAAACUGGAUCCAGGUUGUUCCCACUUGGAUCCCCCAAGAGGGGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUCUCCCUUACCCCCUUUGUAACUUAGAAGAUUUAAACACAGACCAAUA
GGCGACGAUCAUCCAGAUCGUUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGCUGAUAUGCUCU
ACCAGGGCAARAACAGUAGAGAUCGUUAUCCGCARGGUGCCUACACAAAGCUUAGUAACAUUUUGAA
GAGCAUUUGGUUGGUCGCUCAGCUAUUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAGUUCCCC
ACUGGCGACAGUGUUCUUGCCUGCGUGGCUGCCUGCGCACUCUCAUGAGUGCGAAGCCAUAUGUUUG
ACAAGGUGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAAC
CCUGCAGCUAGUGCAUGARAUCCAUCAUGUAACUAGUCGURAAUGAGCAAUUGCGGGAUGGGACCARC
UACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAUAGCAUA
UAUUGACACC

rhinovirusA7
-

[~

UUCAAACUGAAUCAUGGUUGUUCCCACCAUGAUUACCUACGGGUGUAGUACACUUGUAUCCCGGUAC
AUUUGUGCGCCAGUUUUAUAUCCCCUACCCCARUUGUARCUUAGAAGUUARGCARCACARAGAUCAAU
AGGCGGUGGUUAUCCAAACCAUCAAUGAUCAAGUACUUCUGUCUCCLCCGGUAGGUGUGAAUAUGCUU
UAACCAAGGCAGAAGCUAAUCCUAUCGUUAUCCGCAAGGUGCCUACGGGAAGCCUAUUAACALCUUUG
AAAGAAAUUUGGCUGGUCGCUCAGUUGCGCAAUCCCACGCAAUAGACCUGGCAGAUGGGGCUAGACA
AACCCCACCAGCGAUGGUGGUCUAGCCCGCGUGGCUGCCUGCACACCCUUUUUUGGGUGUGAAGCCA
GAAAUUGGACAGGGUGCGAAGAGCCUACUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUA
AUCCUAARCCCUGCAGCUGUUGCACAAGAUCCAUUGUGUAUACAGUCGUAAUGAGCAAUUGCGGGAUG
GAACCAACUACUUUGGGUGUCCGUGUUUCCUUGUUUUCUUUUAUCAUUGCUUAUGGUGACAAGUAUA
UAUAGAUAUAUUUGUCAUC

rhinovirusA7
8

UURAAACUgAAUCCAGGUUGUUCCCACCUGGAUUUCCCACGAGGAGCAGUACUCUACUAUUCCGGUA
GUUUUGUACACCAGUUUUAUCUCCCUUCCCCGUGUAACUUAGAAGACAAGCACUUCAGACCAAUAGG
AUGGUAACUAACCAAGUUAUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAAUUGAUAUGCUCCA
CCAGGGCAARARAACAGUUUUGAUCGUUAUCCGCAARGUGCCUACGCARAGCUUAGUAACACUUUGARAG
AAUGUGUGGUUGGUCGUUCCGCUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAAUCCCCAC
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCUCUUUGAGGUGCGAAGCCAUUCCUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCURACCUUARCC
CUGCAGCUAGUGCAUGCAAUCCAGCAUGUCUCUAGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUACUUUUARAUUGCUUAUGGUGACAAUAUAUAUAGUACAUA
UAUAUUGACACC

rhinovirusA8
0

£y

UUAAAACUGGAUCUaGGUUGUUCCCACCCAGAUCACCUACAUGGUGUUGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUACCCCCUUCCCARARUGUAACUUAGAAGCARUACAAACUGAUCAAUA
GGAAGCAAUCAUCCAGAUUGCUAACGAUCAAGCACUUCUGUCUCCCCGGUCAAGGUUGAUAUGCUCC
ACCAGGGCAAAAACAGCUAAGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUAAUGCUUUCGA
AGAUACUUGGUUGGUCGCUCAGCUGUGCACCCGACAGUAGACCUGGCAGAUGAGGCUAGAAGUACCC

rhinovirusA8
1

212




WO 2024/193634

PCT/CN2024/082941

CUCUGGUGACAGAGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUUGGGUGUGAAGCCAAAUAUUG
GACAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAA
ACCUGCAGCCAGUGCACACAAACCAGUGUGUAGCUGGUCGUAACGAGCAAUUGCAGGARUGGGACCAA
CUACUUUGGGUGUCCGUGUUUCACUUUUUACCCUUAUAUUGCUUAUGGUGACAAUAURUAUAGUAUA
UAUAUAUUGUUAUC

L=y

UUAAAACUGGGAGUGAGUUGUCCCCACUCACUCUACCCACGCGGUGUUGUACACUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUUGUUCCCCUAUCCCCCUUUARAGUAACUUAGAAGCAUGAACUUACAGAC
CARAAGGUGAUGAUCACCCAGAUCAUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAU
GCUUCAACAAGGCAAAAACAACAGCGAUCGUUAUCCGCAAGAUGCCUACACAAAGCUUAGUACCUCC
UUUGAUGGUAUUUGUCUGGUCGCUCAGGUGUUUCCCCAACACUAGACCUGGCAGAUGAGGCUAGAAR
CUCCCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUCGGGUGUGAAGCCARA
UACUGGACAAGGUGCGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCURAC
CUUAAACCCGCAGCCAUUACUCACAAUCCAGUGAGCAGAUGGUCGUAAUGAGCARUUGUGGGAUGGG
ACCGACUACUUUGGGUGUCCGUGUUUCAUGUUUUACUUUAUGACUUGCUUAUGGUGACAAUAUAUAG
AGAUAUAUAUUGGCAUC

rhinovirusAg8
2

[~

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCUACAUGGAGUUGUACUCUGUUAUUCCGGUA
ACCUUGUACGCCAGUUUUAUAUCCCUUCCCCCUUGCAACUUAGAAGUUAAGCACGCAGACCAAUAGG
UGGUGAUUAUCCAARUCACUAACGGUCAAGCACUUCUGUUUCCCCGGUUUAAACUGAUACGCUCCAR
CAGGGCGAAAACAGUGCARAAUCGUUAUCCGCAAGGUGCCUACACAAAGCUUAGUAGCGCUUUGGAGA
AUGUGUGGUUGGUCGCUCAGCUAUACCCCCUAGUAGACCUGGCAGAUGAGGCUAGAAGCACCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUACAUUUGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUGGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAAUUUGCUUAUGGUGACAAUAUAUAUACAACAUAU
AUAUUGGCAUC

rhinovirusAg8
5

£~y

UURAAACUGGGAGUGAGUUGUCCCCACUCACUCUACCCACGCGGUGUUGUACACUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUUGUUCCCCUAUCCCCCUUUARAGUAACUUAGAAGCAUGAACUUACAGAC
CAAAAGGUGAUGAUCACCCAGAUCAUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGAGGAUAU
GCUUUACCCAAGGCAARAACCUUAAAGAUCGUUAUCCGCACAUUAACUACGCAAAGCCUAGUAUCGC
CUUUGAUGUAUUAAGACUGGUCGUUCCCUGCAUACCCAGCAGUAGACCUGGCAGAUGAAGCUGGACG
UUCCCCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCUCACCCAUUUGGGUGAGAAGCCUUA
UUAUUGACAAGGUGUGAAGAGCCCCGUGUGCUUAARUGUGAAUCCUCCGGCCCCUGAAUGUGGCURAC
CUUAACCCCGCAGCCGUUACUCACAAUCCAGUGAARAUGACGGUCGUAACGCGAAAGUGUGGGAUGGG
ACCAACUACUUUGGGUGUCCGUGUUUCCUAUUUUUUCCUUAAUGUGUGUUAUAUGGUGACAAUUUAU
AGCGUAUAAGUUGUCAUC

rhinovirusAS8

8

(G0N

UURAAACUGGGAGUGGGUUGUUCCCACUCACUCCACCCAUGCGGUGUUGUACUCUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUUCCCACCCUUCCCCAUAAUGUAACUUAGAAGUUUGUACAAUAUGACCAA
UAGGUGACAAUCAUCCAGACUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCARUGAGGAUAUGCU
UUACCCAAGGCAAARACCUUAGAGAUCGUUAUCCCCACACUGCCUACACAGAGCCCAGUACCAUUUU
UGAUAUAAUUGGGUUGGUCGCUCCCUGCAAACCCAGCAGUAGACCUGGCAGAUGAGGCUGGACAUUC
CCCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCUCACCCUUCUUGGGUGAGRAGCCUAAUU
AUUGACRAGGUGUGAAGAGCCGCGUGUGCUCAGUGUGCUUCCUCCGGCCCCUGARUGUGGCURACCU
UAACCCUGCAGCCGUUGCCCAUAAUCCAAUGGGUUUGCGGUCGUAAUGCGUAAGUGCGGGAUGGGAC
CAACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUUGAUUGCAUUUUAUGGUGACAAUUUAUAGU
GUAUAGAUUGUCAUC

rhinovirusA8
9

(&)

UURAARACUGGGUUCAGGUUGUUCCCACCUGRAUCUCCUACAUGGAGUUGUACUCUAUUAUCCCGGUA
AUUUUGUACGCCAGUUUUAUCCUCCCCUCCCCAUGUAACUUAGAAGCUGUACACAACGACCAACAGG
UAACAUUCAUCCAGAGUGUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCCAA
CAGGGCAAAAACAACUGCGAUCGUUAUCCGCAGAGCAACUACGCAAAGCUUAGUACCACUUUCAAUG
GUGUAUGGCUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAARACUCCCCA
CUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCCCUUUUGGGCACGAAGCCUUACAUUUGA
CAARGGUGCGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGARUGUGGCUAARCCUUAACC
CUGCAGCUAGUGUGUGCAAUCCAGCACAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUAUUUGCUUAUGGUGACARUAUAUAUAGAAUAU
AUAUAUUGGCAUC

rhinovirusA9
0

(SN

UUCAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGAGGUGUAGUGCUCUGUCAUUCCGGUG
ACCUUGCACGCCAGUUUUAUCACCCCUUCCCUCUUGUAACUUAGAAGAAUUAAACUCAGACCAAUAG
GAAGCGACAAGCCAGUCGUGACAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUUCAC
CAAGGCAAAAACAACAGCGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUAGUGCCUUUGAAR
AUAUUUGUCUGGUUGCUCARAGUACAACCCCAGUACUAARCCUGGCAGAUGAGGCUGGAGCUUCCCCA
CUGGUAACAGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAAAUAUUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUARCC
CCACAGCCAUUGCUCACAAUCCAGUGAGUGUAUGGUCGUAACGAGCAAUUGUGGGAUGGGACCGACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUUCCUUUUUAAUUCUGCUUAUGGUGACARUAUAUAGUGUUA
UAUAUUGGCAUC

rhinovirusA9
4

(G018

UUAAAACUGGGUCUGGGUUGUCCCCACCUAGAUCACCCAAGUGGUGUAGUACACUGUUAUUUCGGUA
ACCUUGUACGCCAGUUUUAUAACCCCCUCCCCAAAUGUAACUUAGAAGCUGUACACAACGACCAAUA
GAGGGUAAUCAUCCAGAUUACUUACGGUCAAGCACUUCUGUCUCCCCGGUUUACUUUGAUATGCUCC
AACAGGGCARAAAACAAAGUGAAUCGUUACCCGCAAGAUGCCUACGCAACGCCUAGUAACAUCCUGARA

rhinovirusA9
6

213
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UUGUUUAUGGUUGGUCGCUCAAUUACAACCCCAGUAAUAGACCUGGCAGAUGAGGCUAGAUAUUCCC
CACUGGCGACAGUGAUCUAGCCUGCGUGGCUGCCUGCACACCCCUUGUGGGUGUGAAGCCAUAAUCA
UGACAGGGUGCGAAGAGCCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCUACAARCCAGUGGGUAUGUGGUCGUAACGAGAARUUGCGGGAUGGGACCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACCUUAUAUUUGCUUAUGGUGACAARUAUAUACGAGUU
UAUAUAUUGACACC

[S0N1N

UUAAAACUGAAUCCAGAUUGUUCCCAUCUGGAUUUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCACCCCUUCCCCCGUAACUUAGAAGUUUGARACARAAGACCARAUAGG
AGGUAACUAUCCAAGUUACUAUAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCCAC
CAGGGCAAAAACAAUUGAGAUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAGUAUCUUGAAAA
GCAUGUGGUUGGUUGCUCCGCUGUACCCCACAGUAAACCUGGCAGAUGAGGCUAGAAGUUCCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUUUGAGUGCGAAGCCAUAUGUUUGACAR
GGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUAALCCCUG
CAGCUAGUGCAUGCAAUCCAGCAUGUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUUCCUUUUAUAARUUGCUUAUGGUGACAAUAUAUAGUGAUAUAUA
UUGACACC

rhinovirusAl
00

(S,

UUAAAACUGGAUCAUGGUUGUUCCCACCAUGAUUACCUACGGGUGUAGUAUACUUGUAUCCCGGUAC
AUUUAUACGCCAGUUUUAUAACCCCCACCCCARAUGUAACUUAGAAGCAUGUACACARUGAUCARAUA
GGGUGGUGGCUAUCCAARGUCAUCUAAGAUCAAGCACUUCUGUCUCCLCCGGUGAGUGUGAAUAUGCUU
UACCCAAGGCAAAAGCUAAUCUCAUCGUUAUCCGCAAGGUGCCUACGGGAAGCCUAGUAACAUUCUG
AAGAUAUUUUGGUUGGUCGAUCAGUUGCACUCACCCAUGCAAUAGACCUGGCAGAUGGGGCUAGGCA
UACCUCACUGGUAACAGUGGCCUAGCCCGCGUGGCUGCCUGCACACCUUCGGGUGUGAAGCCAUAAU
AUUGACAGGGUGCGAAGAGCCUACUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCC
UAACCCCGUAUCCAUUGCACACAAACCAGUGUGUCUAUGGUCGUAAUGGGUAACUACGGGAUGGAAC
CAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAAUACUGCUUAUGGUGACAUUAUATAUUGA
UAUAGUGUCAUC

rhinovirusAl
01

U1

UGUACCCACCCACACUGUCCACGGACGUAGUGCUCUCAUAUUACGGUAUGUUUGCACGCCAGUUUUU
CCCCCCCUUCCCCCUUUUGUAACUUUAGAAGCUUGUACUUAAUCUGACCARUAGGCAGUAGUAAUCC
AUACUACUUACGGUCAAGCACUUCUGUUACCCCGGUAUGCGGAGAAUAGGCUCUAAAAGGGCUGAAG
CUUCAAGUAUCGUUAUCCGCACARAUUACUACGCARAGCUUAGUAACUUCCCAAGAAAUUCUUUGGUU
GGUCGCUCCGCUGGUACCCCACCAGUAGACUUGGCAGAUGAGGCUGAGUAAUCCCCACUGGCGACAG
UGACUCAGCCUGCGUGGCUGCCUACACACCUGGCAACAGGUGUGAAGCCAUAGARAGGACAGGGUGU
GAAGAGCCCCGUGUGCUAAUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAAUCCAACCCCACAUCCA
AUGCGCRUAAACCAAUGCGUAUUUGGUCGUARAUGGGUARCUGUGGGACGGARACCGACUACUUUGGGU
GUCCGUGUUUCCUUUUAUUCUUUARAUUAGUUCAUGGUGACAAGUAUAAGAAUUUAUAUUUGUCAUC

rhinovirusAl
02

(G0N

UURAAACUGAGUGUGGGUUGUCCCCACCCACACUGUCUACGGACGUAGUACUCUCAUAUCACGGUAU
GUUUGUACGCCAGUUUGCCUCCCCUCCCAAGUGUAACUUAGAAGUUUGUACUUUAUARAGGCCAAUA
GGCGGGUAGUCAACCACACUACUCAUGGUCARAGCACUUCUGUUUCCCCGGUAUGCGAAGARURAGCU
UUAACAAAGGCUGAAGCUUCAAUUAUCGUUAUCCGCAUGAUAACUACGCARAGCUUAGUAGCAUUUU
GARAGUUUAUUGGUUGGUCGCUCCACUGGARAACCCCCLCAGUAGACCUGGCAGAUGAGGCUARAGUA
AUCCCCACUGGCGACAGUGACUUAGCCUGCGUGGCUGCCUGCACACCUGGAGACAGGUGUGAAGCCA
AGUAAUGGACAAGGUGUGAAGAGCCCCGUGUGCUUAUCRUGAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCAACCCCACAGCUAUUGCACAUAAUCCAAUGUGUAUUUAGUCGUAACGGGCAACUGUGGGACGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUCAUUUAAGUUUCCUAUGGUGACARAUAUAA
GUGAUUAUAUCUGUCAUC

rhinovirusAl
03

(&)

AUCCGCRAAGCAACUACGCARAGCCUAGUAUCACUUUUGAGAARUAUAUGGUUGGUCGCUCCACUARUA
AACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAGUUCCCCACUGGUAACAGUGUUCUAGCCUGCGU
GGCUGCCUGCGUGCUCCUUGUGGGCACGAAGCCAUAUAUUUGACAAGGUGUGAAGAGCCCLCGUGUGL
UUGUUUUGAUUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCAGCUAGCGUGUGCAAUCCAG
CACARAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCARCUACUUUGGGUGUCCGUGUUUCUUGU
UUUUCUUUUAUACUUGCUUAUGGUGACAAUAUAUAUAAUAUAUAUAUUGGCAUC

rhinovirusAl
04

(G0N

UUGUUUGAUGCCAGUUUUAUCUCCCCCCCCRAUUGCAACUUAGAAGAUGUACACAARAGACCARUAGG
CAGUGGUCACCCAGACCACUGAAGGUCAAGCACUUCUGUCUCCCCGGUCARAGUUGAUAUGCUCCAR
CAGGGCAAAAACAACUUAGAUCGUUAUCCGCARAGUGCCUACGCAARGCUUAGUACCAUCUUUGAGA
GCCUAUGGUUGGUCGCUCCACUGAACCCCACAGUAGACCUGGCAGAUGAGGCUAGAAGACCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAUAUGUUUGACA
AGGUGCGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCACACAAGCCAGUGUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAARCUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUAUUUUGCUUAUGGUGACAAUAUAUAUAGUAUAUAUA
UUGGCACC

rhinovirusAl
05

(o2}

UUAAAACAGCGGAUGGGUACCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUCGUACCUU
UGUACGCCUGUUCUUCCCAUUGUACCCUUCCUGAARCUUCCAACCCAAGUAACGUUAGAAGCUCAACA
UUUAGUACAACAGGAAGCACCACAUCCAGUGGUGUUUAGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGCUGUACCCACUGCCAAAARACCUUUAACCGUUAUCCGCCAACCAACUACGUAAAAGCUAG
UAGUAUUAUGUUUUUAACUAGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUGGGACG
CCUUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCUUGUGUCACAAACCAGUGAUGAUAAGCGUCGUAAUGAGCAAUUCCGG

rhinovirusB3

214
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GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUAUUAUUGUCUUAUGGUCACAGCA
UAUAUAUAACAUAUACUGUGAUC

o

UURAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUUUUGUACCUU
UGCACGCCUGUUUCCCAUUUGUACCCUUCCUUAAUCUCCUUCCCCCGUAACGUUAGAAGUUUUGGAR
UUUUAAAGUACAAUAGGAAGCGCCACAUCCAGUGGUGUUGCGUACARAUACUUCUGUUUACCCGGAG
CGAGGUAUAGGUUGUACCCACGGCCAAAAGCCUUUAACCGUUAUCCGCCARUCAACUACGUAACGGC
UAGUAUCAUCUUGCUUUUGAUUUGGUGUUCGAUCAGGUGGUAUCCCCCACUAGUCUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCAGCCCAGCUUUUGCUGGGACG
CCUUUUCAAAGACAUGGUGUGAAGACCUGCAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCCAGCAGCAUAAUCCAAUGUUGUUUGGGUCGUAAUGAGCAAUUCCGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACARUUGUCUUAUGGUCACAGCAU
AUAUAUUAUAUAUACUGUGAUC

rhinovirusB4

UURAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUGGUACACUGGUACUUUGUACCUU
UGUAUGCCUGUUUGCUUCCACUCCCCUUUACCUARAUAUUCUUCCCCAAGUAUAUUUUGCGGUAACGU
UAGAAGAAGCAAAGUUAGUGCAAUAGGAUGUAUCACAACCAGUGGUAUAARAGCACAAGCAAUUCUUG
UUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUCAAAAGUCCUUAACCGUUAUCCGCCAGCUAACU
GCGAGAAGACUAGUAACACCAUGUUUGUUUUUAGACGUUCGAUCAGGUGAAUACCCCAUUCACUAGU
UUGGUCGAUGAGGCUGAGAAUACCCCACAGGUAACUGUGUCUCAGCCUGCGUGGCGGCCAACCCGAC
UCAUGUCGGGACGCCUACUAAUAGACAUGGUGUGAAGAUCCUAUUGCGCUUAGUUGUGAGUCCUCCG
GCCCCUGAAUGCGGCURACCCUAACCCCGGAGCCUUGUGGUGUAAACCAACAUUUGCAAGGUCGUAA
UGAGUAAUUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUUAUUGUGUGUGU
CUUAUGGUUACAAAUACAAUUUGUAAUC

rhinovirusB5

UURAUACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU
UGUACGCCUGUUCUUCCCAUUGUACCCUUCCCAARUUUCCAACCCAAGUARACGUUAGAAGUUUGACA
UURAAGUACAAUAGGAGGCACCACAUCCAGUGGUGUUUUGUACAAGCACUUCUGUUUCCCCGGAGCG
AGGUAUAGGCUGUACCCACUGCCARAAACCUUUAACCGUUACCCGCCAGCCAACUACGUAAAAGCUA
GUAACAUCUUGUUUGUAACUUGGCGUUCGAUCAGGUGGAUUCCCCCUCCACUAGUUUGGUCGAUGAG
GCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUCUUGCUGGGAC
GCCCUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGC
GGCUAACCCUAACCCUGGAGCCUUGUGUUACARACCAGUAARUAUUARGGUCGUAAUGAGCAAUUCCG
GGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUAUUAUUGUCUUAUGGUCACAGC
AUAUUUGUUAAAUAUACUGUGAUC

rhinovirusB6

ooy

UURAAACAGCGGAUGGGUAUCCCACCAUUCGACCCAUUGGGUGUAGUACUCUGGUACUAUGUACCUU
UGUACGCCUGUUUCUCCCCAACCACCCUUCCUUARAAUUCCCACCCAUGARACGUUAGAAGCUUGAC
AUUAAAGUACAAUAGGUGGCGCCAUAUCCAAUGGUGUCUAUGUACAAGCACUUCUGUUUCCCAGGAG
CGAGGUAUAGGCUGUACCCACUGCCARAAGCCUUUAACCGUUAUCCGCCAACCAACUACGUAACAGU
UAGUACCAUCUUGUUCUUGACUGGACGUUCGAUCAGGUGGAUUUUCCCUCCACUAGUUUGGUCGAUG
AGGCUAGGARAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCARCCCAGCUUAUGLCUGGG
ACGCCCUUUUAAGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAAU
GCGGCUARACCUUAACCCUAGAGCCUUAUGCCACGAUCCAGUGGUUGUAAGGUCGUAAUGAGCAAUUC
CGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUCAUAUUGUCUUAUGGUCACA
GCAUAURUAUACAUAUACUGUGAUC

rhinovirusB1l
4

U1 oy

UUUAAACAGCGGAUGGGUUCCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU
UGUACGCCUGUUUCUCCCCUACCUCCCAACCUARAACAAUCCUGGUAACUUAGAAGACUUAAAUCAUC
GUACAAUAGGUGCUGUCACAUCCAGUGACGGCUAGUACAAGCACUUCUGUUUCCCCGGAGCGGAGUA
UARAUGGCCACCGCUGUCRAARAGCUCUUAACCGUUAUCCGCCRAUURACUACGCRAACGGCUAGUARAC
AUCUUGUUAUUUUUAGGGCGUUCGAUCAGGUGAGUAAACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCLAGCUAAUGCUGGGACGCCUU
AAUUGUGACAUGGUGUGAAGACCCACGUGUGCUUAAUUGUGAGUCCUCCGGCCCCUGRAAUGCGGCUA
ACCUAAACCCUGGAGCCUUGAGACACAAUCCAGUGUUGGCAAGGUCGUAAUGAGUARUUCCGGGALG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUCARAAUUGUUCUVUAUGGUCACAAUAUAAG
UARUAUAUUGUGAUC

rhinovirusBl
-

UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUUGUACACUGGUAUUUUGUACCUU
UGUAUGCCUGUUUGCACCUCCCCACCCCUUCCAAUUACCCUUACCCGAAUUaUAUUAUGCGGUARCA
UUAGAAGAAGUGAACACAGUGCAAUAGGACGUAUCACAUCCAGUGAUAUARAGCACAAGCAAUUCUU
GUUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUUGAAGGUCCUURAACCGUUAUCCGCCAACCAAL
UACGAGACGGCUAGUAAUAUCAUGUUUGUCUUUGAGCGUUCGAUCAGGUGAAUUCCCCAUUCACUAG
UUUGGUCGAUGAGGCUGAGAACUCCCCACAGGUGACUGUGUCUCAGCCUGCGUGGCGGCCAACCCAG
CCACGGCUGGGACGCCCACUGAUAGACAUGGUGUGAAGACCCAAUUGUGCUUGGUUGUGACUCCUCC
GGCCCCUGRAUGCGGCUAACCUCAARCCCCGGAGCCUUGUAGUGUAAGCCARCACAUACAAGGUCGUA
AUGGGCAACUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUUAUCUUUUGUG
UCUUAUGGUUACAAGUAUUGAUUGUARACC

rhinovirusB2
6

[e2}

UUAAAACAGCGGAUGGGUUCCCUACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUCUGUACCUU
UGUACGCCUGUUUAUCCACUACCCUUUUCCUARAUUUUCCACCCGUGUAACCUUAGAAGCARACARA
UUGUACAAUAGGGUGCAUCACAACCAGUGAUGUACAGUACAAGCACUUCUGUUUCCCCGGAGCGGGG
UAUAGACGGUCACCACUGUCAAAAGCCCUUAACCGUUACCCGCCAACCAACUACGUAACGGCUAGUA
ACACCAUGAAUUUGUCUUGACGUUCGAUCAGGUGGUAACCCCCCACUAGUUUGGUCGAUGAGGCUGA
GAACUCCCCACGGGUAACCGUGUCUCAGCCUGCGUGGCGGCCAACCCAGCUUCUGCUGGGACGCCAR
UUCAUUGACAUGGUGUGAAGACCUGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUA

rhinovirusB3
5

215
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ACCCUAACCCCGGAGCCACGCGGCAUAAUCCAAUGUCGUAUGGGUCGUAAUGAGUAAUUCUGGGAUG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCAAAUUAUUCUUAUGGUCACAGCAUAUAA
AUAGAUAUAUACUGUGAUC

(o2}

UUUARACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU
UGUACGCCUGUUGUUCCUARAUGUACCCACCCUAARRACUUCCUACCCAAGUAACGUUAGAAGUUUCAU
CAACAAGUACAAUAGGAAGCAUCACAUCCAGUGGUGUUUUGUACAAGCACUUCUGUUUCCCCGGAGC
GAGGUAUAGGCUGUACCCACUGCCGAAAGCCUUUAACCGUUAUCCGCCAACCAACUACGUAARAGCU
AGUAUCAUCAUGUUUUAARAUAGGCGUUCGAUCAGGUGGAUCCCCCCUCCACUAGUUUGGUCGAUGA
GGCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUCUGCUGGGA
CGCCUUUUUAUGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGACUCCUCCGGCCCCUGAAUG
CGGCUAACCUUAACCCCGGAGCCCUGUGUUGCAAUCCAGUAACAUUAGGGUCGURAAUGAGCAAUUUC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUAUUAUUGUCUUAUGGUCACAG
CAUAUAUAUAACGUAUAUACUGUGAUC

rhinovirusB3
7

[e2)

UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUGGUACACUGGUACUUUGUACCUU
UGUAUGCCUGUUUGCAUCCCCUUCCCUUUACCUAACAUCCCUCCCCAAGUUAUAUUUUGCGGUAACG
UUAGAAGAAGUGAACaUAGUGCAACAGGAAGUAUCACCACCAGUGAUAUAACGCACAAGCAAUUCUU
GUUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUUGAAAGUCCUUARACCGUUAUCCGCCAGUUAAC
UGCGAAAAGACUAGUAACAUCAUGCACAUUUCUAGGUGUUCGAUCAGGUGRAARACCCCAUUCACUAG
UUUGGUCGAUGAGGCUGAGAGUACCCCACAGGCGACUGUGUCUCAGCCUGCGUGGCGGCCAACCCGA
CUUAUGUCGGGACGCCUAUUAAUAGACAUGGUGUGAAGAUCCUAUUGCGCUUAGCUGUGAGUCCUCC
GGCCCCUGAAUGCGGCUAACCUUAACCCCGGAGUCUUGUGAUGUAAGCCAACAUUUGCAAGGUCGUA
AUGAGUAAUUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUCATUUGUG
UUUCAUGGUUACAAGCAUUGUUUGUAAUC

rhinovirusB4
2

~J

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUCUGUACCUU
UGUACGCCUGUUUCUCCUCAACCCUCCCCUACCCGUUAUAUAUCUCAGUAACUUAGAAGAUAUCAUU
ACCGCACAAUAGGGACCGUUGUAACCAGCAACGGUCAGUGCAAGCACUUCUGUUUCCCCGGAGCGGA
GUAUAGACGGCCACUGCUGUCAAAAGCUCUUAACCGUUACCCGCCAGUUAACUACACAACAGCUAGU
AACAUCUUGUUGUUCUUAGGGCGUUCGAUCAGGUGAGUUUACCCCCUCACUAGUCUGGUCGAUGAGG
CUGAGAAAUCCCCACGGGUGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACG
CCUUAAGUAUGACAUGGUGUGAAGACUCGCGUGUGCUUAGCUGUGAGUCCUCCGGCCCCUGARUGCG
GCUAACCUAAACCCCGGAGCCUUGAGGCACAAUCCAGUGCCCGCGAGGUCGUAACGAGAAATUCUGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUUGAUGUUCUUAUGGUUACAAUA
UAUAAAGUAUAUUGUAAUC

rhinovirusB4
8

~J

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU
UGUACGCCUGUUUCUCCCCCCCAUUACCCCUCCCCACAUAUCCCAGUAACUUAGAAGAAUUAAAUUA
UCGCACARAUAGGAGCUAUUACAACCAGUAAUAGUUAGUGCAAGUACUUCUGUUUCCCCGGAGCGGAG
UAUAGAUGGCCACCGCUGUCAARAGCUCUUAACCGUUAUCCGCCAGUUAACUACGUAACGGCUAGUA
ACAUCUUGUUGUGCUUAAGGUGUUCGAUCAGGUGAAGAGACACCCCCUUCACUAGUCUGGUCGAUGA
GGCUGAGAAAUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGA
CGCCUURAGUAUGACAUGGUGUGAAGACCCGCAUGUGCUUAACUGUGAGUCCUCLGGCCCCUGARUG
CGGCUAACCUUAACCCUGGAGCCUUGGGGUACAAUCCAGUGCUAACARAGGUCGUAACGAGCAAUUCC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUCAUUAUUGUUCUUAUGGUUACAA
UAUAUAGAGUAUAUUGUAAUC

rhinovirusB5
2

UURAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUUGUACCUU
UGUACGCCUGUUUCUCCCUCCCUUCCCAACCUAAACAAUCCUUGUAACUUAGAAGGUUUCGAUUAUC
GCACAAUAGGGACUAUUGCAACCAGCARAUAGUCAGUGCAAGCACUUCUGUUUCCCCGGAGCGGAGUG
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAGUUAACUACGCAACGGCUAGUAGU
GCCUUGUUGCUUUUAUGGCGUUCGAUCAGGCGAGAUUUACCCCCUCGCUAGUCUGGUCGAUGAGGCU
GAGAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCCUUUGCUGGGACGCC
UUGAUUGCGACAUGGUGUGAAGACCCGCGUGUGCUUAACUGUGAGUCCUCCGGCCCCUGAAUGCGGL
UAACCUAAACCCUGGAGCCUUGARAACACAACCCAGUGUUCGCAAGGUCGUAACGAGCAAUUCCGGGA
CGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUUCAAUUGUUCUUAUGGUCACARUAUA
AGUGUUAUAUUGUGAUC

rhinovirusB6
9

~J

UUAARACAGCUGAUGGGUUCCCCACCAUCCGACCCAAUGGGUGUAGUACUCUGGUAUUCUGUACCUU
UGUACGCCUGUUUCUCCCCACCCCCCCGUCCUAAAUAAUCCCAGUAACUUAGAAGAUUUGAAUUAUC
GUACAAUAGGUGCUGUCACAUCCAGUGAUGGCUAGUACAAGCACUUCUGUUUCCCCGGAGCGGAGUA
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAAUUAACUACGCAACGGUUAGURAC
AUCUUGUCAUUUUUGAGGCGUUCGAUCAGGUGAGUACACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGEGCCAGCCCAGCUUAUGCUGGGACGCCUU
AAUUGUGACAUGGUGCGAAGACCCACGUGUGCUURAUUGUGAGUCCUCCGGCCCCCGARARUGCGGCUA
ACCUAAACCCCGGAGCCUUGAGACACAAUCCAGUGUUAGCAAGGUCGUAACGAGCAAUUCUGGGACG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUCUCAAAUUGUUCUUAUGGUCACAAUAURAG
UAAUAUAUAUAUUGUGAUC

rhinovirusB7
0

~J

UUAAAACAGCGGAUGGGUUCUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUGAUGUACCU
UUGUACGCCUGUUUAUUCCCAAACCCCCACCCGUUAUUCGCCCAACCCCUGUAACGUUAGAAGUUUG
GAACUUAAUUGUACAAUAGGGAGCACCAUAUCCARUGGUGUAACGUACAAGCACUUCUGUUUCCCCG
GAGCGAGGUAUAGGUGGUACCCACUGCCGAAAGCCUUUAACCGUCAUCCGCCAAUCAACUACGUAAC
AGCUAGUAACAUCUUGUUGUUGAUUGGACGUUCGAUCAGGUGGUUCACCCCCCACUAGUUUGGUCGA
UGAGGCUGGGAAUCCCCCACGGGUGACCGUGUCCCAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUG

rhinovirusB7
2

216
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GGACGCCCUUUCAAUGACAUGGUGUGAAGACUCGCAUGUGCUUGAUUGUGAGUCCGCCGGCCCCUGA
AUGCGGCUAACCCUAACCCUGGAGCCUUGCACCACAAUCCAGUGGUGUCUGGGUCGUAAUGAGUAAU
UCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUUUAAUUGUCUUAUGGUCA
CAGCAUAUAGUAUUAUARUACUGUGAUC

UURAAACAGCGGACGGGUAUCCCACCAUCCGGCUCACUGAGCGUAGUACUCUGGUAUUGUGUACCUU
UGUACGCCUGUUUUCCCCAAAUCCCCUACCCUUUAUAUCUCCUACCCCGUAACGUAAGAAGUUUUCA
AACAGUACAAUAGGAAGCACCACAUCCAGUGGUGUUAUGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGUGGUCACCACCGCCAAAAGCCUUUAACCGUUACCCGCCAACCAACUACGUAAUGGCUAG
UAACAUCAUUGAUUUAGAUUGGCGUUCGAUCAGGUGGUAUCCCCCCACUAGUUUGGUCGAUGAGGCU
AGGAAUACCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUACGCUGGGACGCC
AGUUUACUGACAUGGUGCGAAGACUUGCAUGUGCUUGGUUGAGAGUCCUCCGGCCCCUGAAUGCGGC
UAACCUUAACCCCGGAGCCUCGCAGCAUAAUCCARUGUUGUAGAGGUCGUAACGAGUAAUUCUGGGA
UGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUAAAAUGUCUUAUGGUCACAGCAUA
UAUACUGUAUAUACUGUGAUC

rhinovirusB7

9

~J

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU
UGUACGCCUGUUUCUUCCCUUUGUACCCGCCCCUUAAACUUCCACCCCACGUAACGUUAGAAGUUUA
UACAAGCAGUACAAUAGGUUGCACCAUAACCAGUGGUGUUUCGUACAAGCACUUCUGUUUCCCCGGA
GCGGGGUAUAGACGGUACCCACUGUCARAAAGCCCUUAACCGUUAUCCGCCAAUCRACUACGURAAUGG
CUAGUAACACCAUGAAGGUAAGUUGACGUUCGAUCAGGUGGUAACCCCCACUAGUUUGGUCGAUGAG
GCUAGGAAUUCCCCACGGGUAACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUUUGCUGGGAC
GCCAAUUUACUGACAUGGUGUGAAGACUUGCAUGUGCUUGAUUGUGACUCCUCCGGCCCCUGAAUGC
GGCUAACCUUAACCCCGGAGCCUUGCAGCAUAAUCCAAUGUUGUGGAGGUCGUARUGAGCAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUCUUUAAGUUGUCUUAUGGUCACAGCA
UAUAUACUAUAUAUACUGUGAUC

rhinovirusB8
3

~J

UURAAACAGCGGAUGGGUAUCCCACCAUCCGGCCCACUGGGCGUAGUACACUGGUAUUCUGUACCUU
UGUACGCCUGUUUGCCGCCCCUCCCCCUUUUAUUACCACAUUUGUGGUCGCUGCAACGUUAGAAGAU
UUUAAAGUAGUGCARUAGGAAGCAUCACAACCAGUGGUGUUAUGCACAAACACUUCUGUUUCCCCGG
AGCGAGGUAUAGACGGUCCCCACUGUCAAAAGCCUUUAACCGUUAUCCGCCAACCAACUACGAGACA
GCUAGUAAUGCCCUGUUCUCCUGCAAGGCGUUCGAUCAGACAGAUUUCCCCUCUGUUAGUCUGGUCG
AUGAGGCUAGAAGUACCCCACAGGUAACUGUGUUCUAGCCUGCGUGGCGGCCAGCCCAGCUULCUGCU
GGGACGCCUUUCAAGAGACAUGGUGUGAAGACUCAAUUGUGCUUGGUUGUGAGUCCUCCGGCCCCUG
AAUGCGGCUAACCUUAAACCCGGAUCCAUGCUAUGCAAACCAGCAUAGUUAUGGUCGUAAUGGGCAA
CUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCAUUUUUACUUUUUGUGUCAUUUAUGGU
UACAAUUAAGUUGUARACC

rhinovirusB8
4

~J

UUAAAACAGCGGAUGGGUACCCUACCAUCCGACCCACUGGGUGUAGUACACUGGUACAUUGUACCUU
UGUACGCCUGUUUCUCCCUAUUGUACCUUCCCUCACAAUCCUAACCCCUGUAACGUUAGAAGAUGUG
CAACUCGUGCAAUAGGAGAUACUGCAACCAGUGGUAUCAAGCACAAGAACUUCUGUUUCCUCGGAGC
GGAGUAUAGAUGGUCCCCACCGUCAAAAGCUCUURACCGUUAUCCGCCAAUCAACUACGUGACGACU
GGUAGCAUCAUUUUGACACUUUGACGUUCGAUCAGGUAGGCUUACCCCACCUACUAGUUUGGCCGAU
GAGGCUGGGAGUCCCUCACAGGUAACUGUGUCCCAGCCUGCGUGGCGGCCAACCLAGCAAUUGCUGG
GACGCCAAUUUGUUGACAUGGUGUGAAGAUCUUAAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAA
UGCGGCUARCCUUAACCCCGGAGCCUUGUGUCACRAGCCAGUGACAUUAAGGUCGUAAUGAGUARUU
UCGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUAUGAUUGUCUUAUGGUCA
CAGCAUAUAGUAAUUAUAUACUGUGAUC

rhinovirusB8

~J

UUAAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACAUUGUACCUU
UGUACGCCUGUUUCUCCCCUCCCUCCCAACCURUACRAUCCCGGCARCUUAGAAGAUUUGAACUAUU
GUACAAUAGGCGCUGUCACAUCCAGUGGCGGCUAGUACAAGCACUUCUGUUUCCCCGGAGCGGAGUA
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAAUURACUACGCAACGGCUAGUARU
AUCAUGUAACUUUUAGGGUGUUCGAUCAGGUGAGUGUACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACGCCUU
AAUUGUGACAUGGUGUGAAGACCCACGUGUGCUUAAUUGUGAGUCCUCCGGCCCCUGAAUGCGGCUA
ACCUAAACCCUGGAGCCUUGAAARCACAAUCCAGUGUUAGCAAGGUCGUAAUGAGUAAUUCCGGGACG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAAGUUGUUCUUAUGGUCACAAUAURAG
UAARUAUAUAUUGUGAUC

rhinovirusB2
1

[ee}

UURAAACAGUGGAUGGGUUUCCUACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUAUUGUACCUU
UGCACGCCUGUUUUCCCAUUGUACCCUUCCUUAARUUCCUCCCCAUGUAACGUUAGAAGUUUAAGAA
CAUAAAUGUACAAUAGGAAGCAUCACAUCCAGUGGUGUAUGGUACAAGCACUUCUGUUUAUCCGGAG
CGAGGUAUAAGCGGUACCCACUGCUGAAAGCCUUUAACCGUUAACCGCCARUCAACUACGUARCGGC
UAGUAUUACCUUGUUUGCAAUCUGGCGUUCGAUCAGGUGGUUCCCCCCACUAGUUUGGUCGAUGAGG
CUAGGAGUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCRACCCAGCAUUUGCUGGGACG
CCUUUUUGUAGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGARUGCG
GCUAACCUUAACCCCGGAGCCUUGUGACAUAAUCCAAUGUCAUUAAGGUCGUAAUGAGCAAUUCUGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCUUUAUUCUUUACAUUGUCUUAUGGUCACAGCA
UAUAUAAUACAUAUAUACUGUGAUC

rhinovirusB2
3

[e2]

UUAAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUUUUGUACCUU
UGCACGCCUGUUUCCCCUUUGUACCCAUCCUGAAUUUCCUCCCUCUGCAACGUUAGAAGUUUGUGAA
AUUAAAAGUACAAUAGGAAGCAUCACAUCCAGUGGUGUUCAGUACAAGCACUCCUGUUUCCCCGGAG
CGAGGUAUAGGUUGUACCCACGACCGAAAGCCUUUAACCGUUAUCCGCCAAUCAACUACAUAACGGL
UAGUAUCAUCAUGUUUUUGAUCUGGCGUUCGAUCAGGUGGUUUCCCCCACUAGUCUGGUCGAUGAGG

rhinovirusB2
-
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CUAGGAUUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACG
CCUUUUUAAAGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGARUGCG
GCUAACCUUAACCCUGGAGCCCGACAGCAUARAUCCAAUGUUGUUUGGGUCGUAAUGAGCAAUUCCGG
GAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUGUCUUAUGGUCACAGCAU
AUAUAGUAUAUAUACUGUGAUC

UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUAGUACACUGGUAUUUUGUACCUU
UGUAUGCCUGUUUGCCAUCCCUCCCUCUCCUCUUACCCUUACCCUUAUUUUGCGGUAACUUUAGAAG
UUUGUARAUCACGCGCAAUAGGGUAUACCACAUCCAGUGGUAUGAAGCACAAGCAAUUCUUGUUCCC
CGGAGCUGGAUAUAAACUGCUAACGUGGUUGAAAGUCCUUAACCGUUAUCCGCCAGUUAACUGCGAG
AAGACUAGUAACUCCAUGUUUGUUUUUAAGCGUUCGAUCAGGUGGAUACCCCAUUCACUAGUUUGGU
CGAUGAGGCUGGGAAUCCCCCACAGGUAACUGUGUCUCAGCCUGCGUGGCGGCCAACCCAGCUUUUG
CUGGGACGCUUACUGACAGACAUGGUGUGAAGAUCCUAUUGCGCUUAACUGUGAGUCCUCCGGCCCC
UGAAUGCGGCUAACCUCAACCCCGGAGCCUUGUGGUGUAAACCAACACUCGCAAGGUCGUAACGAGU
AAUUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCUUAUUGAUUGUCUCCUA
UGGUUACAAAUUUACUGUAAUC

rhinovirusk®
9

[es]

UCCCCUCCACUAGUUUGGUCGAUGAGGCUAGGAARUCCCCACGGGUGACCGUGUCCUAGCCUGCGUG
GCGGCCAACCCAGCAUCAGCUGGGACGCCUUUUCAGAGACAUGGUGUGAAGACUCGCAUGUGCUUGA
UUGUGAUUCCUCCGGCCCCUGARUGCGGCUAACCUCAACCCCGGAGCCUUGUAUUGCAAUCCAGCAR
UAUUAAGGUCGUAAUGAGCAAUUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUU
UCAUAAAUUUUUCUUAUGGUCACAGCAUAUAGUACAUAUAUACUGUGAUC

rhinovirusBl
01

o

AAAACAGCGGAUGGGUAUCCCACCAUCCGALCCCACUGGGUGUAGUACUCUGGUACUUUGUACCUUUG
UACGCCUGUUCUUCCCAUUGUACCCUCCCUUAACUUCCAACCCAAGCAACAUUAGAAGUUAUCAAUU
UUCAGUACARAUAGGAAGCAUCACAUCCAGUGAUGUUGUGUACAAGCACUUCUGUCUCCCCGGAGCGA
GGUAUAAGCAGUACCCACUGCUAARAGCCUUUAACCGUUACCCGCCAAUCAACUACGUAACAGCUAG
UAUCAUCAUGUUUUUGACUGGACGUUCGAUCAGGUGGUUCCCCCCCACUAGUUUGGUCGAUGAGGCU
AGGAAUACCCCACGGGUAACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUUUGCUGGGACGCC
CUUUUARAAGACAUGGUGUGAAGACUCGCAUGUGCUUGAUUGUGAUUCCUCCGGCCCCUGAAUGCGEGC
UAACCUUAACCCCGGAGCCUUGUGUUGCAAUCCAGCAARAGCAAGGUCGUAAUGAGCAAUUCUGGGA
CGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUACAUUACUUUUCUUAUGGUCACAGCAUAU
AUARAUARAUAUACUGUGAUC

rhinovirusBl
02

UCUGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGGCUAGGAAUCCCUCACGG
GCGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUAUGCUGGGACGCCCUUUUARUAGALCAUGG
UGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACCCUGG
AGCCUUGUAUUACARACCAGUARUAUUAAGGUCGUAAUGAGCAAUUCCGGGACGGGACCGACUACUU
UGGGUGUCCGUGUUUCUUAUUUUACUUAUUAUUGUCUUAUGGUCACAGCAUAUUUGUUAAAUAUACU
GUGAUC

rhinovirusBl
03

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU
UGUACGCCUGUUUCUCCCUCCCUACUACCCCGCCUCAAGCAUCCUGUAACUUAGAAGAARUUGRARAR
CCGCACAACAGGAGCUAUUACAACCAGUAAUAGUUAGUGCAAGCACUUCUGUUULCCCCGGAGLGGAG
UAUAGACGGCCACCGCUGUCAAAAGCUCUURACCGUUAUCCGCCAGUUAACUACGUAACGGCUAGUA
ACAUCUUGUUGUGCUUAGGGUGUUCGAUCAGGUGAAGAAAAACCCCCUUCACUAGUCUGGUCGAUGA
GGCUGAGAAGUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGLCAGCCCAGCAUAUGCUGGGA
CGCCUUAAGUAUGACAUGGUGUGAAGACCCGCAUGUGCUUAACUGUGAGUCCUCCGGCCCCUGAAUG
CGGCUARCCUAAACCCUGGAGCCUUGGAGCACARAGCCAGUGCUUACRAGGUCGUAAUGAGCAAUUCC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUCAUUAUUGUUCUUAUGGUUACAR
UAUAUAGAGUAUAUUGUARUC

rhinovirusBl
04

[ee]

GUGACAAUCAGCCAGAUUGUUAACGGUCAAGCACUUCUGUUUCCCCGGUACCCUUGUAUACGCUUCA
CCCGAGGCGAAAAGUGAGGUUAUCGUUAUCCGCAARAGUGCCUACGAGAAGCCUAGUAGCACUUUUGA
AGCCUAUGGCUGGUCGCUCAACUGUUUACCCAGCAGUAGACCUGGCAGAUGAGGCUAGAUGUUCCCC
ACCAGCGAUGGUGAUCUAGCCUGCGUGGCUGCCUGCACACUCUAUUGAGUGUGAAGCCAGAAAGUGG
ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAAC
CCCGUAGCUGUUGCAUGUARAUCCAACAUGUCUGCAGUCGUARUGGGCAARCUAUGGGAUGGAACCAAC
UACUUUGGGUGUCCGEUGUUUCUUGUUUUUCUUUAUGCUUGCUUAUGGUGACAACUGUAGUUAUUACA
UUUGUUACC

rhinovirusCl

[es]

ACCGCACGCCAGUUUGCCACCCCCUACCCAUCGUAACUUAGAAGCUAUCAACUCGACCAAUAGGCGG
UGGCAAACCAUACCACUUACGGUCAAGCACUCCUGUUUCCCCGGUAUGCGAGGAAUAGACUCCUACA
GGGUUGAAGCCUCAAGUAUCGUCAUCCGCAUUGGUACUACGCAAAGCUUAGUAGUGCCUUGARAGUC
CCUUGGUUGGUCGCUCCGCUAGUUCCCCCUAGUAGACCUGGCAGAUGAGGCAGGACAUUCCCCACUG
GCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCGCACCCCUAGGGGUGCGAAGCCAAGUGACGGACAR
GGUGUGAAGAGCCCCGUGUGCUACUARAUGAGUCCUCCGGCCCCUGARUGCGGCURAUCCAACCCCAC
AGCUAUUGCACACAAGCCAGUGUGUAUAUAGUCGUAAUGAGCAAUUGUGGGACGGAACCGACUACUU
UGGGUGUCCGUGUUUCCUUUUAUUCUUAUCAUUCUGCUUAUGGUGACARAUACUGUGARAUAGUGUUG
UUACC

rhinovirusC2

s}

UUAAAGCUGGAUCAUGGUUGUUCCCACCAUGAUUACCCACGCGGUGCAGUGGUCUUGUAUUACGGUA
CAUUUCCAUACCAGUUUUAUACACCCCACCCCGAARACUCAUAGAAGUUUGUACACAAUGACCAAUAG
GUGGUGGCCAUCCAGGUCGCUAAUGGUCAAGCACUUCUGUUUCCCCGGCACCCUUGUAUACGCUUCA
CCCGAGGCGAAAAAUGAGGUUGUCGUUAUCCGCAAAGUGCCUACGARAAGCCUAGUAACACUUUGAA
AACCCAUGGUUGGUCGCUCAGCUGUUUACCCAACAGUAGACCUGGCAGAUGAGGCUAGACAUUCCCC
ACCAGCGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUGCCGEGGUGUGARGCCAGAAAGUGG

rhinovirusC3
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ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCCUAAC
CCCGUAGCUGUUGCAUGUAACCCAACAUGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGGACCAAC
UACUUUGGGUGUCCGUGUUUCCUGUUUUACUUUUUCAUUGCUUAUGGUGACAAUUGUAUCUGAUACA
CUUGUUACC

4 | UUAAAACUGGGCUCGGGUUGUACCCACCCGAGCUGCCCAUGUGGCGUGGUGCUCUUGUAUCCCGGUA rhinovirusC4
CACUUGCACGCCAGUUUGCCUCUCCUUACCCCGUAACAUAUCUAGAAGAARUGUGCAUAACGGACCAA
0 | UAGGUGGUGGCAACCCAUGCCACUGACGGUCAAGUACUUCUGUUUCCCCGGUGUGAUGUGGAARUAGA
CUCUCUCAGGGUUGAAGCCAUAAGCAUCGUUAUCCGCUACGUGCCUACGCAAAACCUAGUAGCAUUU
UGAAGCUUACUUGGUUGGCCGCUCAGCCACUAACCCGUGGUAGGCCUGGCAGAUGAGGCUGGGCGCA
CCCCACUGGCGACAGUGGCCCAGCCUGCGUGGCUGCCUGCCCCUCUUUGAGGGGAAGCCAUUUAAGU
GACAAGGUGUGAAGAGUCUCGUGUGCUCCACGUAGAAUCCUUCCGGCCCCUGAAUGUGGCUARAUCCU
AACCCCGCAGCUAUUGCACACAAUCCAGUGUGUUGAUAGUCGUAAUGGGCAACUGUGGGAUGGAACC
AACUACUUUGGGUGUCCGUGUUUCCUGUUUUCUUUAAAUACUUGCUUAUGGUGACAAAUAGUGUAUA
CUGUUUGACACC

o)

4 | UUAAAACUGGGUACAGGUUGUUCCCACCUGUACCACCCAAGUGGUGUAGUGCUCUUGUAUUCCGGUA rhinovirusCh
CAUUUGCACGCCAGUUUGCCACCCCUACCCUCUAUGUAACUUAGAAGCUUACACAAAGACCARUAGG
1| CGGUGGUAARACCCAUACCACUAACGGUCAAACACUUCUGUUUCCCCGGCAUAUGAGGAAUAGGCUCC
AARAGGGCUGAAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCAAAGCCUAGUAUCGGCCUGAR
AAUUUCUUGGUUGGUCGUUCGGCCAGUUACCCCACUGGUAGACCUGGCAGAUGAGGCAGGACUUACC
CCACUGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCACACCCUUAUGGGGUGUGAAGCCUAGGAR
CGGACAGGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCUU
ACCCCGCAGCUGUUGCACACAAUCCAGUGUGUAUGCAGUCGUAAUGAGCAAUUGUGGGAUGGAACCG
ACUACUUUGGGUGUCCGUGUUUCCUUGUUUUCCUUAUAUUUGCUUAUGGUGACARUAUUGAUAUUAU
CAGUGUUGUCAUC

o

4 | UUGAAACUGAAUCAUGGUUGUUCCCACCAUGAUUACCCACGUGGUGCAGUGGUCUUGUAUUACGGUA rhinovirusCé
9 | CAUUUCCAUACCAGUUUUAUACACCCUACCCCGARACAUAUAGAAGCUUGUACACAAUGACCAAUAG
2 | GUGGUGACCAUCCAGGUUACCGACGGUCAAGCACUUCUGUUUCCCCGGUACCCUUGUAUACGCUUCA
CCAGAGGCGAAAAACGAGGUUAUCGUUAUCCGCARAGUGCCUACGAGAAGCCUAGUAGCACUUUCGA
AACCUAUGGCUGGUCGCUCAGCUGCUCACCCAGCAGUAGACCUGGCAGAUGAGGCUAGACAUCCCCC
ACCAGUGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUAUCGGGUGUGAAGCCAGAARAGUGG
ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAAC
CCCGUAGCUGUUGCAUGCAACCCAGCAUGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGAALCCAALC
UACUUUGGGUGUCCGUGUUUCUUGUUUUACUUUUCAUUGCUUAUGGUGACAAUUGUAGUUGAUACAC
UUGUUACC

4 | UUAAAACUGGGUUAUAGUUGCUCCCACUAUAACCACCCACGCGGUGUUGUGGACUUGUAUUUCGGUA rhinovirusC7
9 | CACUUCCAUGCCAGUUUUAUCUUCCCCCCUGCAACACUUAGAAGARAUGUACUUAUGGACCARUAGG
3 | CGGCGGCCACCCAGGUCGUUGACGGUCAAGCACUUCUGUCUCCCCGGUGAUACUGGAUACGCUUUAC
CCAAGGCGAAAACCGGGCUCAUCGUUAUCCGCAARGUGCCUACGAGRAGUCUAGUAGCACUCUGAAA
ACCUAUGACUGGUCGCUCCACUGCAAUCCCAGCAGUAGACCUGGCAGAUGGGGCUAGACAUACCCCA
CCAGCGAUGGUGGUCUAGCCCGLGUGGCUGCCUGCACACCCUAUGGGUGUGAAGLCAGARAGUGGAL
AGGGUGUGAAGAACCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCC
UGCAACCGUUGCGCACAACCCAGUGCGUAUGCGGUCGURAUGAGCARUUGCGGGAUGGAACCAACUA
CUUUGGGUGUCCGUGUUUCUUGUUAUUCUUUUAUUUGCUUAUGGUGACACUGUAUAGCUAUACAUUG
UCAUC

4 | UUAAAACUGAGUAUGGGUUGUUCCCACCCAUACUGCCUACGGGCGUAGUACUCUUGUGCUCCGGUAC rhinovirusC8
AUUUGUACGCCAGUUUUUCACCCCCACCCCCUAGGUAACUCUUAGARGCACUUGCACACAGACGAAU
4 | AGGCAGCCAACACUCCACGUUGGUCAACGUCAAGCACUUCUGUUUCCCCGGUAUUAGGGGUUAGGCU
UUUCAAGAGGCUGAAGCCUGAAGUAUCGUUACCCGCGCAAUUACUAAGCAGAGCCUAGUAUCACUUC
GACCCUUCCACUGGCUGGUCGUUCAAUGAGAAAACCCACUCAUAGACCUGGCAGAUGGGGCUGGAAA
UACCCCACUGGCGACAGUGUUCCAGCCCGCGUGGCUGCCUGUCCCCCAUUUUGGGGGARAAGCCARUG
UAAGGACAAGGUGUGAAGAGCCGCGUUUGCUAAUUGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
UUACCCCACAGCUAUUGCAUGGAAGCCACCAUGUGGAUAGUCGUAACGGGCAACUGUGGGACGGAAC
CGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCAUUUAUUAUCUCAUGGUGACAACGUAUACAGA
UUAUAUGUUGUUUACC

pNe)

4 | UURAAACAGCCGUGUGGUUGUACCCACCACCGGGCACAUUGUGCGUGGUACACUGGAAUUACGGUUL rhinovirusC9
9 | CUUUGUACGCCUGUUUUCCCUUCCCACUUUCUUUCUUCCUUCACUUCCUAAUUGUAACAUAAUUAGA
5| AGCAUGACAUACAGUCCAARUAGGAGGCGGUUAAUCCAUAACCGUCAUAGACAAGCACUUCUGUUUCC
CCGGAUGUGUGAAUAGGCUUCCACCGAGGCUGAAGCUGUAGCAUUCGUUAUCCGCACACGUACUACG
CGAAAACUAGUAACACCUUGAUUGGUGGUGUGGUGUUUCACUCGGCGCUACCCCAGCGUAGAUCAGG
GCRAUGGGGCUACGGARACCCCACCGGCGACGGUGUCGUAGCCCGCGUGGUGCCCUGCCCAGAUCCU
UGCGAUCUGGGACACCAUAUCAUUGACAGGGUGUGAAGAUUCUAGUGUGCUACGUGUGAGUCCUCCG
GCCCCUGAAUGUGGCUAACCUUAACCCCGCAGCUAUGGUGUGCAAACCAGCACAUUCGUAGUCGUAR
UGGGCAACUGUGGGAUGGGACCAACUACUUUGGGUGUCCGUGUUUCCUUUVUAUUCUUAUAAUUUUCC
UUAUGGUUACAAGCUUAUGGUUAUAGGUUUGUAACC

4 | CAUGGUUACCCACGAGGUGCAGUGGUCUUGUAUUACGGUACAUUUCCAUACCAGUUUUAUAAACCCU rhinovirusCl
ACCCUGAAACUUAUAGAAGCUUGUACACACCGACCGACAGGUGGCARUCAUCCAGAUUGUCGAAGGU 0

6 | CAAGCACUUCUGUUUCCCCGGUAUCCUUGUAUACGCUUCACCCGAGGCGAAAACCGAGGUUAUCGUU
ACCCGCAAAGUGCCUACGAGAAGCCUAGUAUCACUUUGGAAACCUAUGGUUGGUCGCUCAGCUGUUU
UCCCAACAGUAGACCUGGCAGAUGAGGCUGGACGCUCCCCACCAGCGAUGGUGGUCCAGCCUGCGUG

O
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GCUGCCUGCACACCCUGUGGGGUGUGAAGCCAGARAGUGGACAAGGUGUGAAGAGCCUAUUGUGCUC
ACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUARAUCCUAACCCCGUAGCUGUUGCAUGUAAUCCAACA
UGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGAACCAACUACUUUGGGUGUCCGUGUUUCUUGUUU
UUCUUUAUAUACUGCUUAUGGUGACAAUAGUAAUUCAUUACUCUUGUUACC

o)

UUARAAACUGGAUACAGGUUGUUCCCACCUGUAUCACCCAAGUGGUGUGGUGCUCUUGUAUUUCGGUA
CGUUUGCACGCCAGUUUGCUACCCCUUCCCUUUUACGUAACUUAGAAGUUUACACAAAGACCAAUAG
GCGGUGGUAAAUCCAUACCACUAACGGUCAAAUACUUCUGUUUCCCCGGCAUGCGAGGAAUAGGCUC
CARAAGGGCUGAAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCAAAGCCUAGUAUUACCUUGA
AAAUUUCUUGGCUGGUCGCUCCACCAGAUACCCCACUGGUAGACCUGGCAGAUGAGGCAGGACUUAC
CCCACUGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCACACCCCUUACGGGGUGUGAAGCCCAGA
AACAGACAAGGUGUGAAGAGCCCCGUGUGCUACUAGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
UUACCCCACAGCUGUUGCACGCAAACCAGCGUGUAUGCAGUCGUAAUGAGCAAUUGUGGGAUGGRAC
CGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUUAUUUGCUUAUGGUGACAAUAUUGAUAUU
AUCAGUGUUGUCAUC

rhinovirusCl
1

o

UUAAAACUGGGUAUAGGUUGUUCCCACCUGUACCACCCACGUGGUGUAGUGCUCCUGUAUUCCGGUA
CACUUGCACGCCAGUUUGCCCUCCCUUCCUGUAACGUAGAAGCAAUGUAAACGGACCAAAAGGGGAC
GGCAAACCACGUCGUUCAAGGUCAAGCACUUCUGUUUCCCCGGCAUGCGAGGAAUAGACCUUCUCAA
GGGUUGAAGCCACAAGUGUCGUUACCCGCAUUGGUACUACACAGAGCCUAGUACUGCUCUAGAAACU
UAUUGGUUGGUCGUUCAGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCAAGAAGUUCCCCALCUGG
UAACAGUGUUCUUGCCUGCGUGGCUGCCUGCACACCCUAACGGGUGUGAAGCCAAUGAGUGGACAGG
GUGUGAAGAGCCGCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCAACCCCACA
GCUAUGGCAUGCAAGCCAGCAUGUGCGUAGUCGUAAUGAGUAAUUGUGGGACGGAACCGACUACUUU
GGGUGUCCGUGUUUCCUUUAUUCUCUUAUGUUUUGCCUAUGGUGACAAUAUUAAGUAUUAATAUUGC
UACC

rhinovirusCl
5

o)

UGCACUUCUGUUUCCCCGGUACUAGGGUGUUARACUUCCCCAGAGGUUGAAGCCCGAUGUAUCGUUA
CCCGCAUGGUUACUARAGCAGAGCCUAGUAGCAUCUUGCUUUGCAUAUGAGCUGGUCGUUCAGUCAGU
AAACCCCCUGAUAGACCUGGCAGAUGAGGCUGGARAUACCCCACUGGUAACAGUGUUCCAGCCUGCG
UGGCUGCCUGCCCCUCUUUUGAGGGGAAGCCCAUAUGUAGACAAGGUGUGAAGAGCCGCGUUUGCUA
ACUAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCAACCCCACAGCUACUGCGCAGAAACCACUGC
GUAGGUAGUCGUAAUGAGCAAUUGUGGGACGGARACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUU
ACUUUACAUUGCUCAUGGACACAACAUAUAUARARUCGUAUAUGUUGUUCACC

rhinovirusCl
6

CACUUCUGUUUCCCCGGAUGUGUGAAUAGGCUUCACCCGAGGCUGARACUGUAGCAUUCGUUAUCCG
CAUGGCUACUACGCGACUGCUAGUAGCAUUCUGUAUGACAUGUGGGGUUUCGCUCAGCAGAGACCCA
GUCUGUAGAUCAGGGUAAUGAGGCUACACAARUCCCCACUGGCGACAGUGGUGUAGCCUGCGUGGUGL
CCUGCCCGAGGUUCGUCCUCGGGACCCUCCAUGUUAGACAGGGUGUGAAGACACUAGUGUGCUAGUC
AUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCUUARAACCUGCAGCCAUCGCAUGCAUGCCAGCAUGU
AGGUGGUCGUAAUGAGCAAUUGCGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCCCUUUUUAC
AUUUAUGUGUCUCUUAUGGUUACAUCAUUGGUGUARAUC

rhinovirusCl
9

UUAAAACUGGGUUGUGGUUGUUCCCACCACAAUCACCUACGUGGUGUUGUAGUCUUGCAUUUCGGUG
CAUUUCUAUGCCAGUUUUAUCUCCCCAGCCCCCGUAACUUAGAAGARAAGRACACAGACCAAUAGGA
GGUGGUCACCCAGACCACUUACGGUCAAGCACUUCUGUUUCCCCGGUUGAUCUAGAUAUGCUUUACC
CGAGGCARAAAACUARAUCAAUCGUUAUCCGCAAAGUGCCUACGGGARAGCCUAGUAGCACUCUGARAG
CCUAUGGCUGGUCGCUCCAUUGCAAACCCAGCAAUAGACCUGGCAGAUGAGGCUAGACGUACCCCAC
CAGCGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUCAUCGGGUGUGAAGCCAGARAGUGGA
CAGGGUGUGAAGAGCCUACUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACC
CUGCAGCUGUUGCACACAAGCCAGUGUGUAUGCAGUCGUAARCGAGCRAUUGCGGGAUGGAACCARACU
ACUUUGGGUGUCCGUGUUUCUCUUUAUUCCUUAUGUUGACCUAUGGUGACAAGUGUGCAAUUCACGU
UUGUCACU

rhinovirusC2
2

(e}

UUAAAACUGGGCAGGAGUUGUUCCCACUCUUGCCACCCACAGGGUGUGGUGCUCUUGUAUUACGGUA
CACUUGCAUGCCAGUUUUAUCUCCCCCCUCCCCACARUGUAAUUUAGAAGCCAAUCACAUGACCAAU
AGGAAGUGGUAAGCCAUACCACUUAAGGUCAAGCACUUCUGUUUCCCCGGUAUGCGUGGAAUAGGCC
UCUUAAGGGGCUGARGCCACAAUUAUCGUUACCCGCAUGUGAACUACGCGAAACCUAGUACUACCUU
GARAGUACAUUGUCUGGUCGCUCAGCCAAUCCCCAUGGUAGACCUGGCAGAUGAGGCAAGAGGUACC
CCACUGGUAACAGUGUUCUUGCCUGCGUGGLCUGCCUGCACACCCUUACCGGGUGUGAAGCCAAUGUA
UAGACAGGGUGAGAAGAGUCGAGUGUGCUUCACAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCA
ACCCCGCAGCUGUAGUAUGCAAGCCAGCAUAUGUGCAGUCGUAAUGGGUAACUGCGGGACGGAACCG
ACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCUUUAUUCAUGCUUAUGGUGACARAUAUUGAGAAUU
AAUAUUGUCACU

rhinovirusC2
3

o

AGCUCUGCAGAUAUCUCCCCGGACGUGUGAAUAGGCCCUACCAGGGCUGAAGCUGUAGCGUUCGUUA
UCCGCAUGCCUACUGCGCAAAGGUUAGUAACUAACUAGAUACUUAGUGGUGUUUCGCUCAGCAGUAC
CCCACUGUAGAUCAGGGUAAUGAGGCUACGCAUCCCCCACUGGCGACAGUGGCGUAGCCUGCEUGGU
GCCCUGCCCAGGUUUAUACCUGGGACACCACUAUUUGGACAGGGUGUGAAGGCCAGCGUGCGLUAGG
CAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCCUGCAGCCAUUGCAUGCARACCAGCAUG
UUGGUGGUCGUAAUGAGCAAUUGCGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCUUGUUUUU
CCAUUAAUUGUCUUAUGGUUACAAGUUUGUGCAACAAAUUUGUGACC

rhinovirusC3
5

UURAAACUGAAUCAUGGUUGUUCCCACCAUGAUUGUCUACUGGACGUUGUACUCUUGUAUUCCGGUA
CACUUGUACGCCAGUUUUAUAACCCCUUCCCCUUUGCAARCUUAGAAGAAAGUAAACACUGGCCAAUA
GGAAAUAGCAAACCACGCUAUUUACGGUCAAGCACUUCUGUUUCCCCGGUCUGACGGGAUAUGCUUC
ACCCGAGGCAGAAACUCAGAUGAUCGUUAUCCGCAAAGUGCCUACGGGAAGCCUAGUAGCACUUUGG

rhinovirusC3
9
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AAGUUGUUGGGCUGGUCGCUCAAUUGCUGACCCCGAGCAAUAGACUUGGCAGAUGAGGCUGGACGUG
CCCCACCAGUGAUGGUGGUCCAGCCUGCGUGGCUGCCUACUCACCCUAACAGGGUGAGAAGCCUAUC
AAUAGACAAGGUGUGAAGAGCCUACUGUGCUCACUUUGAUUCCUCCGGCCCCUGAAUGUGGCUAAUC
CUAACCCCGUAUCUAUCGCAUGCACACCAGCAUGUAGGUAGUCGUARAUGGGCAACUACGGGACGGAA
CCAACUACUUUGGGUGUCCGUGUUUCCUUGUUCUUUUAUUACUUGCGUAUGGUGACAAUUGUAUGAA
AUACGAUUGACACC

o

GACCCGCACUAGUACUACGCAAAGCCUAGUAAUAUCUUGAAGCUCUUCUGGUUGGUCGUUCCACUAG
UCACCCCCUAGUAGACCUGGCAGAUGAGGCAGGACACUCCCCACUGGUGACAGUGGUCCUGCCUGCG
UGGCUGCCUGCACACCCUCCGGGGUGUGAAGCCAAAAGAAGGACAAGGUGUGAAGAGCLCCCGUGUGC
UACUAGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCUUACCCCACAGCUAUUGCACACAAUCCAGU
GUGUAUGUAGUCGUAAUGAGUAAUUGUGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUU
AUUCUCAUGUUUUUGCUUAUGGUGACAAUACUGACAUAUAGUGUUGUUACC

rhinovirusC4
0

UURAAACUGGGUAGGGGUUGUUCCCACCCCUACCACCCACGUGGUGUAGUGCUCCUGUAUUACGGUA
CACUUGCACGCCAGUUUGCCUCCCUACCCCCUUCCCAUUCACACCCAACCCUGCGUAACUUAGAAGC
UAUGCACAAGACCAAUAGGUGGUAACAAUCCAUGUUACUAAAGGUCAAGUACUUCUGUUUCCCCGGL
AUGCGUGGAAUAAACAGUGCAAACGGUUGAGGCCACAAAUGUCGUUACCCGCGCAUGAACUACGCAG
AGCCUAGUAUCCCCCUGARAGUCCAUUGGUUGGUCGCUCAGCUAAUCCCCAUAGUAGACCUGGCAGA
UGAGGCAAGACGCACCCCACUGGCGACAGUGGUCUUGCLUGCGUGGCUGCCUGCACACCCUUCGGGE
UGUGAAGCCAAUUGARUAGACAGGGUGUGAAGAGCCGAGUGUGCUUCAUGUGAGUCCUCCGGLLCCUG
AAUGCGGCUAAUCCAACCCCGCAGCUGUGGCACACAAUCCAGUGUGUAUGCAGUCGUAACGGGCAAC
UGCGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVAUUCUUUAAUCARAGUACUUAUGGU
GACAAUAAUAAAUAUUGUUACC

rhinovirusC4
1

UURAAACUGAGUGUGGGUUGUUCCCCACCCACACUGUCUACGGGACGUUGUACUCUUGUAUUCCGGU
ACACUUGUACGCCCAGUUUGCCACCCUAAACACCCCGUAACAAUAGAAGUCUACGCACACUUAGACC
AAUAGGGGGUGUUCAUCCAGUUCACCCAAGGUCAAGCACUUCUGUUUCCCCGGCRAUAGGGGUGUUAG
GCUUCGCCCGAGGCCARAGCUCUGAUUGUCGUUAUCCGCACAACUACUGGACAAAGCCUAGUAGCAL
CCUACGAUGUAGCAUGGUUGGUUGUUCCGCCAGUAUCCCCUGGUAARCCUGGCAGAUGGGGCUAGAR
GUUCCUCACUGGCGACAGUGUUCUAGCCCGCGUGGCUGCCUGCUCCCUUAUGGGAGAAGCCAUUCUA
CUGACAAGGUGUGAAGAGCCCCGUACGCUAGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAAUCCA
ACCCUGCAGCCAUUACAUGGAAGCCACCAUGUGGAUGGUCGUAAUGAGUAAUUGCGGGACGGAACCG
ACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUACUGACGUUUAUGGUGACAAUAUAUAUAUAA
CGUAUAUAUUGUUCAUC

rhinovirusC4
2

GGUUGGUCGCUCCGUUGCAACCCCAGCAACAGACCUGGCAGAUGAGGCUGAGCAUUCCCCACCAGCG
AUGGUGGCUCAGCCUGCGUGGCUGCCUGCGLACCCUUCGGGGUGCGAAGCCAGARAGUGGACAAGGU
GUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCCCGCAG
CUACUACACAUAAGCCAAUGUGCAGGUAGUCGUARCGGGUAACUGUGGGAUGGAACCAACUACUUUG
GGUGUCCGUGUUUCCUUGUUAUCCUUUUUUAAAUGCCUAUGGUGACAAUUGUACAGUAUACACUUGU
UACC

rhinovirusC4
3

GUGGUAAAUCCAUACCACUAAUGGUCAAACACUUCUGUUCCCCCGGCAUGUGAGGAAUAGGCUCCAA
AAGGGCUAAAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCAARAGCCUAGUAUCACUCUGGAAG
UCUCUCGGUUGGUCGCUCCACCAGGUACCCCACUGGUAGACCUGGCAGAUGAGGCAGGACUCACCCC
ACUGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCACACCCCUACGGGGUGUGAAGCCUAGAGAUA
GACAGGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCUUAC
CCCACAGCUGUUGCACGCARAUCCAGCGUGUAUGCAGUCGUARUGAGCARUUGUGGGAUGGAACCGAC
UACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUUAUUUGCUUAUGGUGACAAUAUUGAUAGCAUCA
GUGUUGUCAUC

rhinovirusC4
5

AACUGGGCUUGGGUUGUGCCCACCCAAGCUGCLCCACGUGGCGUUGUGCUCUUGUAUUCCGGUACACU
UGCACGCCAGUUUGCCUCCCCUACCCUGCAACGAAUUUAGAAGAAUGGACACAARUAGACCARUAGG
UGGUGACAAUCCAUGUCACUAAUGGUCAAGCACUUCUGUUUCCCCGGUGUGAUGUGGAAUAAACUCC
CCCAGGGUUGAAGCCAUAAGCAUCGUUACCCGCUACGUGCCUACGCAARACCUAGUAGCAUUCUGGA
GUCUACUUGGUUGGCCGUUCAGCCACUAACCCGUGGUAGGCCUGGCAGAUGAGGCUGGGCGUACCCC
ACUGGUARACAGUGGCCCAGCCUGCGUGGCUGCCUGCCCCUCUUUGAGGGGRAGCCARUUAGGUGACA
GGGUGUGAAGAGUCCCGUGUGCUCACGUAGAGUCCUCCGEGCCCCUGARAUGUGGCUAAUCCUAACCCC
GCAGCUAUUGCACACARUCCAGUGUGUUAGUAGUCGUAAUGGGCAACUGUGGGAUGGAACCAACUAL
UUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUACUUGCUUAUGGUGACARAUAGUGCAUACUGUUU
GACACC

rhinovirusC4
9

UUCCCCGGACGUGUGAAUAGGCUCCACCAGGGGCUGAAGCUGUAGCGUUCGUUACCCGCACUGCUAC
UACGCAAGGGUUAGUAUCUAACUGARARACAUUGUGGAGUUUCGCUCAGCAGAACCCCACUGUAGARUC
GGGGUAAUGGGGCUACACAACCCCCACCGGCGACGGUGGUGUAGCCCGCGUGGUGCCCCGCCUGAGG
CUUGUGCCUCAGGACGCCACAAUGUUGACAGGGUGAGAAGGCCUACGUGUGCUAGCAGUGAGUCCUC
CGGCCUCUGAAUGCGGCUAAUCCUAACCCCAUAGCCAUCACACACARUCCAGUGUGCAGGUGGEUCGU
AACGGGUAACUAUGGGAUGGAACCGACUACUUUGAGUGUCCGUGUUUCCUAUUUUACCUUUACAUGU
CUUAUGGUCACAAUAUAGUGUAUACAUAUUGUGAUC

rhinovirusCbh
0

=

UUAAAACAGCCGUGUGGUUGUACCCACCACCGGACACACUGUGUGUUGUGCACUGGAAUCUCGGUUC
CUUUGCAUGCCUGUUUUARACCCCCCUUCCCCCACUCUUUCUAUCAUUCUUUUCUUCCUAAUGUAAC
UUAGACGUUAUACCACAGUCCARUAGGACGUGGCCAAUCCAGGCCAUGACGGACAAGCACUUCUGUC
UCCCCGGGCGUGUGAAUAGGCCUCAACAAGGCUGRAGCUGUAGCGCUCGUUAUCCGCAUUUGUACUA
CGCGAUGGCUAGUAUCAUCCUUCUCUUGGUCUUGGCGUUUCGCUCAGCGUGGUAACCCCCCACGUAG
AUCAGGGCAAUGAGGCUGCAUAUGCCCCACCGGCGACGGUGAUGCAGCCUGCGUGGUGCCLCECCUG

rhinovirusC5
1
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GGUUAACCCCCAGGACGCCACAAUCAAGACAGGGUGAGAAGACCUGAGUGUGCUACAGAUGAGUCCU
CCGGCCCCUGAAUGCGGCUAAUCCUAACCCUGCAGCUAUCGUAUGCAAACCAGCAUAUUGGUAGUCG
UAACGAGCAAUUGCGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCUCUUUUUAUUUGARAUGU
UGCUUAUGGUUACARGUUUUGGUAUUAAACUUGUGACC

=

UURAAACAGCUGUGUGGUUGUUCCCACCACCAGGCACACUGUGCGUUGUACACUGGGAUUCCGGUCA
CUUUGUACGCCUGUUUGCUAUCCCCCCCAACUUAUGUAAUUUAGAAGAUGUACACAACGCCCAUUAG
GAUGCGGCCAAACCAGGUCCGCUUAGGGCAAGCACUUCUGUUUCCCCGGGUGUGUGAAUAGACUCUA
ACAGGGUUGAAGCUGUAGCACUCGUUAUCCGCGCAACUACUACGCGAAUGUUAGUAGCAUCCUGUGU
UGCAUUUGGGAUUUCGCUCCGCAGAAAACCCCAUCUGUAGAUUAGGGCAAUGAGGCUACACAUACCC
CACUGGCGACAGUGGUGUAGCCUGCGUGGUGCCCUACCCAGGCCUUCUUGGCCUGGGAUUCCACUUA
CAAGACAGGGUGUGAAGGCACUAGUGUGCUAGUUGUGAGUCCUCCGGCCCCUGARUGCGGCUAAUCU
UAACCCCGUAGCCCCCGCAAGUAAACCAACUUGUAGGUGGUCGUAAUGAGUAAUUACGGGAUGGRAC
CGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUUAUAUUUGCAUCCUAUGGUUACAACAUAAGU
AAUC

rhinovirusCbh
4

GCACUUCUGUUUCCCCGGACGUGUGAAUAGGCCUCACCAAGGCUGAAGCUGUAGCGUUCGUUAUCCG
CUCACCUACUGCGCAAAGACUAGUAACUAACUAGAUACUUAGUGGUGUUUCGCUCAGCAGUACCCCA
CUGUAGAUCGGGGCAAUGAGGCUACGCAUCCCCCACUGGCGACAGUGGCGUAGCCUGCGUGGUGCCC
UGCCCAGGCUUCGGUCUGGGACACCACUAUGUUGACAGGGUGUGAAGACCGGCGUGCGCUAGGUGUG
ACUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCCCGCAGCCACCGCAUGCAACCCAGCAUGUAGA
UGGUCGUAACGAGUAAUUGUGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUU
AUUGUUGUCCUAUGGUUACAAAUUUGUGUAUCAGAUUUGUGACC

rhinovirusCbh
5

=

UUAAAACUGAACCAUGGUUGUUCCCACCAUGGUUACCCACGUGGUGCAGUGGACUUGUAUUACGGUA
CAUUUCCAUACCAGUUUUAUAACCCCUACCCUGARACUUUUAGAAGCAUGUACACAUACAGACCAAC
AGGUGGCAAUCAGCCAGAUUGCUAACGGUCAAGCACUUCUGUUUCCCCGGUAAUCUUGCAUACGCUU
CACCCGAGGCGAAAAGUGAGAUUAUCGUUAUCCGCAAAGUGCCUACGAGAAGCCLAGUAGCALCAUUG
AAAGCCUAUGGUUGGUCGCUCAGCUGUUCACCCAACAGUAGACCUGGCAGAUGAGGCUAGAUAUUCC
CCACCAGCGAUGGUGAUCUAGCCUGCGUGGCUGCCUGCACACCCUAUCGGGUGUGAAGCCAGAAAGU
GGACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUA
ACCCCGUAGCUGUUGCAUGUAACCCAACAUGUCUGCAGUCGUAAUGGGCAACUACGGGAUGGAACCA
ACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAUAUUUGCUUAUGGUGACAAUUGUAGAUACUA
CACUUGUUACC

rhinovirusCh
-

[

ACCCUACUUAGGCAACCCCCACCCCUUCUCUUACGGGAGCUAGGGCCAAGGAUCUAUUGUAGUGGUG
UUGUAUCCCCUUACCUUAUACCCAUCCCCACCCARACGGACUGGUAUUACGGUUUAGACUGAARUAAU
GGUUUAUGAAUUCAARACCUGUUACUCAUUCAGGGGAAARAUGAAGACAUAUUCUAUGGAUUGGACCU
GUUAUGACCAAGAGUUGGCGUCUUGCGCGCUAGCCGUAUGGACAGUUUAAUGGUUACUCUUUGGAUU
AUGAUUUCAGGGUUGGCCGCCCAGGAUAAAAGGCAAUUGUGGCAAGUGAUGUUAGUCAUUGGCAGUU
GAAACCUGCCUAGAACAUCCUAGGUCUACGCUGUGCGGGCCGAAGUAAGUCUAGGAACAACAGGGAG
UAUGCUGUUUUUUGCUUUCACCCAACACGACCGUACACGARAGAGCUAGAGGCAUCUGGAGGCARAG
GGAAAAGAAUUUCUUAGCCCGAAUGUUCAUUAGAGUCCUUGACGAAUGCGUCCCCUCUGUCCLGAGG
GUGAGGCGUAUGGCGCAUGCUCAUGGCAUUACUCCAAGGUGUAUCUAGAGGGGGGGGCCCCCUCUAL
UUAGUCUAGUGCUACCUGACAGGGCCGCGGCUGGUCGUUUGUGUAUGGUAUAACCAGUAGUAAUCCC
CCAUGGAUUGCUUUAARACCCCCUCCCCCCUCRACAAGACAUUCUCUAAG

simiansapelo
virus3

CCGACCAGUAGUGUCCGAAAUGCUAGAGUGGACUUCCUCCCUUCCCLCUCUGGGUAUCUUGCCCAGUU
UCCUCCCCCCAACCUGACGUGCCACAGGCUGUGARAACACCCCGCGAAAGCUGCCARAAGUGGGAAU
UGUGGGUCCCCCCCUUUGCCAAGGAGUCGAGUCUUUCUCCCUUAAGGCUAGCCCCAUCAGUGAAUUC
UGUUGGGCAACUAGUGACGCCACUGCAUGCCUCCGACCUCGGCCGCGGAGUGCUGCCCCCCARGUCG
UGCCCCUGACCACAAGUUGUGCUGUCUGGCAAACAUUGUCUGUGAGARAUGUUCCGCUGUGGCUGCCA
AGCCUGGUAACAGGLUGCCCCAGUGUGCGUAGUUCUCAUCCAGACUUCGGUCUGGCAACUUGCUGUU
AAGACACGGCGUAAGGGGCGUGUGCCAACGCCCUGGAACGAGUGUCCACUCUAAUACCCCGAGGAAU
GCUACGUAGGUACCCCUGGUUCGCCAGGGAUCUGAGCGUAGGCUAAUUGUCUAAGGGUAUUUUCAUU
UCCCACUCUCUCUUUCUUGUUCAUA

aichivirusA2
; caninekobuv
irus

GGAAUURAACGGGCACCCACUCACCCCCAUCCCCCCCUGUAACUUARAGUGUGUGCUCGUGACCUUG
ACUCCUGCGGGCUUCACCGACCCGUCCAGUGAACAAACUGCUAGGUGACUCCUUCCCCCCCCLUGGE
CUGGAUGGCCCACAUCCAGGUCUUCUUCCCCCAGCCCGACAUGUCAUGGGCUGUUUGGAAUCCCCGL
GAAAGCUGCUAACGUGGCAAUUGUGGGUCCCCCUUCCAACAAGACACCGAGUCUUUCUCCCUUARGG
CUAGCCCCGUGUGGUGAAUUCCACCGGGCAACUAGUGGUGUCAAUGCAUGCCUCCGACCUCGGCCGL
GGAGUGCUGCCCCCCAAGUUGCGARACUGACCAAGACUGUGCUGCCUGGCAAGCAUAGUCUGAGGAG
AUGUUCCGCUGUGGUUGCCAAACCUGGUAACAGGUGCCCCAGUGUGCGUAGUCUCCUUCCGGUUCGU
CCGGCUGUCCUUUGGUAAAGACACAAUGUAAGGGGCGUGUGCCAACGCCCUGGARAGAGUGAACUUC
UACUGCCCUAGGAAUGCCACGCAGGUACCCCUGGUUUCCCACCAGGGAUCUGAGCGUGGGCURAUUG
UCUAACGGGUAGUUUCAUUUCCCUCCUCUCUUUUGUUGACAUC

aichivirusa4d
; felinekobuv
irus

UUCGGUACCUGUUUGGAGGAAUUAAACGGGCACCCUACCCAAGGGUUACAUGGGACUCCAACUCCCC
UUUCCCCGUAACUCUAAGUAAUGUGCUCGUAAUCUUGACCCCUCCGGGUUGUGUCGCCCCGUGAGUG
AACAAAUAGUUAGACACGCUCCUCCCUUCCCCUGGGUGGGCACACGCCCACUCACAUCCACCLCCCCA
GCACAACAUGUUCGUGCUGUGGUUGAUGCACCUGGAAGCCGCGAAAGCUUCGGUUAGUAGUGGCAAC
CGGUUGACCUACACAACCAAAUGCUCAGAGUCUUUCUCCCUUAAGGCUAGACCCCCUGGUGAAUUCC
ACGGUGGCAACUAGUUGAGCAAACAUGUCCCACAAGUGCGGCCGCGGAGUGCUGUUCCCCAAGCCUU
GUGUGUCCUCCUGUGAAGUUGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGCCUCGUGCCAR
CCUGGCAACAGGUGACCCAGUGUGCGUAGUCUUCUUCCGUCUUACGACGGACUUCCUCUAGGAUGCC

aichivirusA7
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CUGGUGUAAGGUACAUGUGCCAACGCCCCAUGCGUGGUGUUCUUCUAAGGCCCUAGGAAUGCACCGL
AGGUACCCCUGUCUCGGCAGGGAUCUGAGCGGUGGCUAAUUGUCUACGGGCCUUUUCAUUUCCCAUU
CUUCUUGACUGUCAUCAUGGCCACAUCACACGGAUCUCGUUUGGUGUCCAAUGCUUCUCAGCUUCUU
UCCUCCUAUGAUAGACUCUACAGAACUGUCAGGGACUGGCGUGACACUGAUCAACUGCGCCAGACCC
GAAUGCCCUACCUUCUUCCUGUUGCCCCUGGUGAGUGCAUUUCCUGCUACCUUGAGCGGACCGAACG
GGACCCCAUGUCCAUCACGGACGAUGGGUACCCCUGGACGGUUUGCCCAGACUGCAAGACCCCUCCC
AAACGCAACCCCCCCCCCCCGAAGAGUUUCUGUAUGACUCUGACGUCCAGUCUUGGUUCGAAGAAGA
CCAGACUCCUGUGACUGACAGAGAACAGAACAUUUUUGACCAAAUAGCC

N

GCCAGGUCGCAUCGCCUGGUUGGUGACCAAACUGCUAGAUGCUCCUCCCUUUCCLCUCGGGGUUGGCG
CACCGCCAUCCCUGCAUCCUCCCCCCAGCCUGACAUGCUACAGGCUGUGCAAGARCCCCGCGAAAGC
UGCCACCGUGGCAAUUGUGGGUCCCCCUCUUGUCAAGGCACAGAGUCUUUCUCCCUUAAGGCUAGAC
CCCUCUGUGAAUUCAGAGGCGGCAACUAGUUGUGCCACUACAUGCCUCAGACCUCGGUCGCGGAGUG
CUGUUCCCCAAACCCUGACACUGCCGCGUGAGUAUGCUGCUUGGCAAGCAUUGCCUGGAUGGUCGUU
CCGCUGGGGCUGCCAGGUCUGGUAACAGACCGCUCCAGUGUGCGUAGACCAUCUCCAGCUUCGGCUG
GUGCUCACAAGGUAAGACUCGGUGUAAGGUUCAUGUGCCAACACCCUGGAAUGAGUGAAAACUCUAC
UGCCCUAGGAAUGCUACGCAGGUACCCCUGCUCCCUUGGGAGCCAGGGAUCUGAGCGUAGGCUAAUY
GUCUGUCGGGUAGUUUCAUUUCCCACCCUCUAGACUGUUCACC

aichivirusAg8
;murinekobuv
irus

N

UUUGAARAAGGGGGUGGGEGGEGGCUUCGGCCCCCUCACCCUCUUUUCCEGCGGCGCAUGUUCGCGUCGU
CGUAAGUCUGGAUUCCCAAGGCCCACUCGGUUCAACUUCGGUUUCCGGACAAAUACARAGAALCUCA
GUCCUCUUGGUACUUUCUCGCCUGAGUCUACAAAGCGAGAAACCUGCCCCUCUARCGCCAGACGAGC
GGCAUARAACUCGAACUUCUGGCACGUUCCACCACCCCUUCUCCUAUCCCAACCCCCAUUGCGCUCU
CAAGGUCGCGCUUUUCCGAGACUAGCUCGGAUUCAAAAAGUUCCUGGCACCCUUUACCCCUUCAGGC
CCUUAAGGUAGGAACUGACCUUGUGCUGUGAUCUCGGUGCGGAAGUGCUACUGCGUAGUGAUUGUAA
GAUCCUUUUGUGGUUCUGCCCUGGCAAGGCUACAGAGUGCUGUGAUCCGCUGCGGAUGCCAULCCUGG
UAACAGGACCCCCAGUGUGCGCAACAGUAUGUUCACGGUCUUCCGUGUUCACCACAUUCGGAACACU
GCUUUCGUGAAACAGUGUGUGUCCAAUCCCUGUGAUCAGUAUCAACCACACCACCUAGGAAUGCUAG
GAAGGUACCCCGGUUCGCCGGGAUCUGAUCCUAGGCUAAUUGUCUACGGUGGUGCUCCUUUUUAUUU
UCCACUUCAACUCACUGGUUACAACUGCUUGAUUUCUGUGUUUGCUGCUUUUCUCUGCUCUCACUGC
CAUUCUCAAGUGUUCACACUGUCCAAGCUCCUUUGCUUGUUCGCUUCCACUUGCCACUGUCAACUCU
UGuUC

aichivirusBl
;bovinekobuv
irus

N

CCAUGGUGUACAUCGGUUUCCGGGCAAAUACAAGAACCCCAGUUUUCCUGGCAAUUCCUUGACUGGG
UUAAAGAAAUAAGGAACCAGCCCCUCUAACGCCAGACGAGCGGCUUUARACUUGAACUUCUGGCACA
CUUUUCUCCACUACCCUUUUCCCCAAACUCGGACUGACUCACUGGAUUUUGACCACUCCCCCUUUGU
CUGACCACUCUUUUGGAUCUCCCUCCAACAUGCCGGUGGUGCCUGGCGGARARAAGCACAAGUUGUGU
GAGCAACACCCCCACAGGUCCCACGGAACGGUCUGUGCCCGCAGAUCUAGUACGUGCGGAUCCCUGG
UUGCUUCCACUGCUCGCCUGUGAGUAGAGUAGGUGCUGGGUGUGAUGCGUCUUCGGACGCLCUCGGGL
AUAGCAUUGCUCCCCCGAGAAUCAAGCCAUCGAGAUUUCUCUGGCCUCUGAAGUCACGCCUGGACGC
GUAG

aichivirusB2
; ferretkobuv
irus

N

UUUGAAAAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGCCACCCGCCCGGGCCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACAUAACAGGGCUULCCCAUCCCUGUUU
ACCCUUACUCCACUCACCCUUCCCCUUGACCAACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UCUUGACCUCGGAAUGCCUACUUGACCUCCCACUUGCCUCUCCCUUUUCGGAUUGCCGGUGGUGCCU
GGCGGAARAAAGCACAAGUGUGUUGUUGGCUACCARACUCCUACCCGACAAAGGUGCGUGUCCGCGUG
CUGAGUAAUGGGAUAGGAGAUGCCAAUAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCAGGGGCAUAGCAUUGCUCACCCCUGAAUCAAGUCAUCGAGAUUUCUCUGACC
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAAAGUCAGUUGACAAGACAC

alchivirusCl
;porcinekobu
virus

[\S}

CAUCCCCAAUAUGUUCGGUGAGGAAUGCUACCACGUAACUAUUAGUGAACCCAUUGACUGUULUGCL
CUGGCAAGGCUAUAGAGUACAGUGUUCCGCUGUGGAUGCCGUCCUGGUAACAGGAUCCCCAGUGUGU
GUAGCUGUAUGUUCAACUUCGGUUGUUCACAGUCCUUGGUCUAGCUUUUAGUGARAUGGUGUGCGCC
AUAUCCCUACAUUUGGGUGCCACCUCUCAACCCCUAGGAAUGCUAGGAAGGUACCCCACCCULCGGU
GGGAUCUGAUCCUAGGCUARAUUGUCUAUGGGGUUGUUUCCUUUUCUUUUCACCACUCAUUACUGGCU
CACAGAUUGUUUGUUGUGUUCCCUGCUCUCUCUAGCUCCCAACACGGCACACAGUCUCAGCCACACC
GCCUUUGCAAACGACUACCAGAUUUGUUUCUUUGACUCCUCUGAUUCUCACAUCUUCACUGAACCAG
AC

aichivirusDl
s kagovirusl

N

GAAAGGGGGCCCGGCGGGGCAACACCCGUCGGUCCCUCUUUCCGUCCAAGCCGCGGACGUUARACUG
UGGCACGGUUGUGCCUAGGUGCAACCCUGCUACURAUGGCGGUACCCCUGCCCUUAGUAUGCAUGUU
UGUAUGAAUGGAAUCUGUAGUGAUGCCCUGCUUUGGGGUCUCUAARACACACUACAGUGAUGGCUAG
AGCUCCUCUACUCCGGCUACCUUAGUAGUGAGCAUUGGAAGUAUAUUGUGAACAGGGUUCCACGCCC
GAUARAGGCUGGUAUUCCCGCUCAUGGAGUGGACCUAGGUAACUAGGGCCAUGAGUGUGUGUGAARUC
AGCACCCGCAAGGGAUAGCAGUAUAUGGAAGGUGCUCGUGARACGGCAAGUGGAGUUAGUAGCAGCU
CUCAGUCUCAAGGUCAGCUUCUAGACAUGUGCCGCAGGUACCCCGURAAGGGAUCUGAGCGGUAGCUA
AUUAGUCCCUGGAGGUUGGCUGACUUUCUUCCUAUUUCUCUUUUCACUGCGAAUUGUGUGGAUUGGU
AUUCUUUAGAGCUUGGGAGUUGUCUCAUAUUGAAUUCAUAUAUUUUACUCUAUACUACACUCAAACA
CGGCUCUCUGGUCAGUUAAGAAAAUCAUUUAUAGRAUAAUARA

oscivirusA2;
turdivirus3

N

UUAAAACAGCGGAUGGGUACCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUCGUACCUU
UGUACGCCUGUUCUUCCCAUUGUACCCUUCCUGAARCUUCCAACCCAAGUAACGUUAGAAGCUCAACA
UUUAGUACAACAGGAAGCACCACAUCCAGUGGUGUUUAGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGCUGUACCCACUGCCAAARACCUUUAACCGUUAUCCGCCARACCAACUACGUAAAAGCUAG

HRV-B3
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UAGUAUUAUGUUUUUAACUAGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUGGGACG
CCUUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCUUGUGUCACAAACCAGUGAUGAUAAGGUCGUAAUGAGCAATUCCGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUAUUAUUGUCUUAUGGUCACAGCA
UAUAUAUAACAUAUACUGUGAUC

N

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUARAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA
AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUCCGUUGAUUAARACAGCCUGUGGGUUGAUCCC
ACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUU
UUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAG
CGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCU
CAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGE
CUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUC
UAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCU
CAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUG
UUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGG
AUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGA
AAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAARUGUAUAGAAUGCAGCUGCUG
UCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAARA
CCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAA
GAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAG
CACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGA
ACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAG
CGAGACRACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGARAUCGGUGG
AUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUAGAGACGCUACGGACUUAARURAAU
UGAGCCUUAAAGAAGARAUUCUUUAAGUGGAUGCUCUCARAACUCAGGGAAACCUAAAUCUAGUUAUA
GACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACA
GCAUAUCUAG

AnaX-CVB3-
IL2
pPrecursor

N

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAARAGAGAGAGUCCAAUUCUCARAGCCA
AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCAC
ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAGACUGCUCACGCGGU
UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUG
GUGCGAARGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUAACUGCGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCALCCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAR
GCUCUAGCACCAAGAARACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAR
CGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCURAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA
AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUURARAL
AGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGU
GCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAAAUARAUUGAGCCUUAAAGAAGAAATUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-CLEAN-
PIE-IRES-
rawCVB3-
CVB3-IL2
precursor

[\

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACURAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAARCGUCARGACGAGGGURRAGAGAGAGUCCARUUCUCAARGCCA
AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUUACAACACACCGAUCAACAGUCAGCGUGGCAC
ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGU
UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGGUGGCUGCEUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUG
GUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGAAAGAGGUUAARACAUUACARAUUCAUUGUUAAGUUGAARUACAGCARAGCCACCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAA
GCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAA
CGGCAUUAACAACUACAAGAACCCARAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCURAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA

AnaX-CLEAN-
PIE-IRES-
rawMutation2
-CVB3-1IL2
precursor
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AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAARAC
AGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGU
GCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAAAUAAUUGAGCCUUAAAGAAGAAATUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC AnaX-CLEAN-
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA PIE-Cargo-
0 | AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAACCUCGCUCAGAGCAAGAACUUCCACCUGAGACCU PIE1-CVB3-
CGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGU IL2
GCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUC precursor
CAUCAUCUCCACCCUGACCUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGG
GCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACU
UAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUG
UUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCA
ACUACUUCGAARAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGU
AGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGT
CCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUA
GUCCUCCGGCCCCUGAAUGCGGCUAAUCCURACUGCGGAGCACACALCCUCAAGCCAGAGGGCAGUG
UGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAU
ACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAL
UAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUA
CAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGC
CCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAARACCCAGCUGCAG
CUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUARCRACUACAAGAACCCRARAGC
UGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUG
UCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

w

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC AnaX-CLEAN-
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAARAGAGAGAGUCCAAUUCUCARAGCCA PIE-Cargo-
1 | AUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAUCUCUGACAUCAACGUGAUCGUGCUGGAACUGARA PIE2-CVB3-
GGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGARUC IL2
GGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUARUUAAAACAGCCUGUGGGUUG precursor
AUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAY
ACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCC
ACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGA
GAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUU
UCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGE
GGUGGCUGCGUUGGCGGCCUGCLCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAA
GAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAACUGCGGAGCACAL
ACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGU
CCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCU
AUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAG
CUUGAARGAGGUUAAAACAUUACAAUUCAUUGUURAGUUGAARUACAGCAAAGCCACCAUGUAUAGAA
UGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAG
CACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUU
AACAACUACAAGAACCCAAAGCUGACCAGARUGCUGACAUUUAAGUUCUACAUGCCURAGAAGGCCA
CAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGC
UCAGAGCAAGAACUUCCACCUGAGACCUAGAGACUUAARUAAUUGAGCCUUARAGAAGAAAUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

w

w1

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCAARUAGAUGACU AnaX-GCv3-
UACAACUARUCGGARGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAARGACGAGGGUARAAGAGA 2xhomo-CVB3-
2 | GAGUCCRAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCAUUARAR AQP1
ACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUU precursor
GUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAG
CGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARUAGACUGCU
CACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGG
AAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCC
ACGGGCGACCGUGGCGGUGGCUGCGUUGGCEGCCUGCCCAUGGGGARACCCAUGGGACGCUCUAAUA
CAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARAUCCU
AACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGG
GUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCARAG
CCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCAL
GACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAAAUACCCGGUGGGGAACAACCAG

w
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ACGGCGGBUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGA
GUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCA
GAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCC
AUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGARCUCGCUUGGCCGCAAUGACCUGGCUGAUGGUG
UGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGL
UACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCC
CUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCLCUGCUCGGUCCUUUGGLUCCG
CGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCU
GGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUG
UGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGA
AGCCCAAAUGAUAAAGACGGGGGGGGCUUARAUARUUGAGCCUUAAAGRAAGAAAUUCUUUAAGUGGA
UGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAARGGCAAUCCUGAGCCAAGCCGAAGUAG
UAAUUAGUAAGACCAGUGGACARUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCAACAAUAGAUGACU
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA
GAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAACUGGARACUCGCUUG
GCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCU
CCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCC
CUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUA
ACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAARCCACUGGAUUUUCUGGGU
GGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGU
GACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCLGACG
ACAUCAACUCCAGGGUGGAGAUGAAGCCCAARAUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCC
ACAGGCCCAUUGGGLCGCUAGCACUCUGGUAUCACGGUALCCUUUGUGCGCCUGUUUUAUACCCCCUCC
CCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGA
UCARAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGARGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAARACCUAGUARCACCGUGGAAGUUGCAGAGUGUUUCGCUCAGC
ACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGLCGGUGGLUGL
GUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUU
GAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAG
CCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
AUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUG
GCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGA
GGUUAARACAUUACAAUUCAUUGUUAAGUUGARUACAGCARAGCCALCCAUGGCCAGCGAGUUCARGA
AGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAU
CGGUUCUGCCCUGGGCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGRAG
GUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGLGCCC
ACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAU
GUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCAGE
UURAARUAAUUGAGCCUUARRAGAAGAAARUUCUUUAAGUGGAUGCUCUCARACUCAGGGARACCUARAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACARUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-GCv3-
2xhomo-
CLEAN-PIE-
Cargo-PIEL-
CVB3-AQP1
precursor

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARUAAGAGAAAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGAACCAGCUCCCUGACUGGG
AACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCA
UCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGG
CUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGC
UGUGGGAUUAACCCUGCUCGGULCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGA
UUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCC
ACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUG
GAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAURAAUUAAAACAGCCUGUGGGUU
GAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUA
UACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGC
CACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGG
AGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGG
CGGUGGCUGCGUUGGCEGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGA
AGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUAACUGCGGAGCACA
CACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUG
UCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGC
UAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUA
GCUUGARAGAGGUUAARACAUUACAAUUCAUUGUUAAGUUGAAUACAGCARAGCCACCAUGGCCAGC
GAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCU
UCAUCAGCARUCGGUUCUGCCCUGGGCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGA
CAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGLCCACGCUGGCGCAGAGUGUGGGCCACAULC
AGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCC
GUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCUGGCAU
AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAA

Twort-PIE-6-
CLEAN-PIE-
Cargo-PIELl-
CVB3-AQP1
precursor
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ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

w U

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCAAUAGAUGACU
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA
GAGUCCAAUUCUCAARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGRAUGAGAAGUAACACACACCG
AUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUC
ACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCLCAUGG
GACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCUARAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGA
CAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUA
UCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUG
AAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGA
GUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCLGGUG
GGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCA
CGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCU
GCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUC
GUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACC
UGGCUGAUGGUGUGAACUCGGGLCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCU
AUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGL
CUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGU
CCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAU
CGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGAC
CGCGUGRAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCA
GGGUGGAGAUGAAGCCCARAUGAUAAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUG
GGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAAL
UUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUARAAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACARAUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

Ana¥X-GCv3-
2xhomao-
CLEAN-PIE-
IRES-
rawCVB3-AQP1
precursor

o Wk

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCARUAGAUGACU
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA
GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAAUUACAACACACCG
AUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGACUGCUCACGCGGUUGAAGGAGAARGCGUUCGUUAUCCGGCCAACUACUUCGAAARACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUC
ACCGCAUUCCCCACGGGCGACCGBUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGG
GACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCURAUCCUAACUGCGGAGCACACACCCUCARGCCAGAGGGCAGUGUGUCGUAACGGGCARACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGA
CARUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACURAUAGAGCUAUUAUAUA
UCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUG
AAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGA
GUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAAAUACCCGGUG
GGGAACRACCAGACGGCGGUCCAGGACAACGUGARGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCA
CGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCU
GCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGLCGUGGGGGCCAUC
GUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGARCUCGCUUGGCCGCAAUGACC
UGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCU
AUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGL
CUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGU
CCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAU
CGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGAL
CGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCA
GGGUGGAGAUGAAGCCCARAUGAUAAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUG
GGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGURAL
UUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACARUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

Anax-GCv3-
2xhomo-
CLEAN-PIE-
IRES-
mutationCVB3
-AQP1
precursor

w

GGGAGACCCUCGAGGACACCCCCUGACCCGGUCUCAGARAGCCUGARAGCAGAAUUAGUCAUUAGAA
GGGUGGUUGGCUUGGUCGGCAUAGACUUUGAGCAGAAAGAGGUUGARAAUGUUGAGCCUGAUUUCUC
UUAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCUUUUUUUGGUCUCA
UUCAAGGUGAGCAAAUCCCCUUCAUGUUUCUCACCAGACAAUGCAGCUGAUGAGGUUCCAGCUUUGC
AARUGUAGUCAUCCAUGAGGACUGUCUUCCUGAGAUUUCAUCAGGAACAAUAGAUGACUUACARACUA
AUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAA
UUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUAAAACAGCCUG
UGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCU
GUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCAC

AnaxX-MEHAL-
CVB3-IL2
precursor
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ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGU
UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGACGCUCUARUACAGACAUG
GUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUAACUGCGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCARAAGCCACCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAA
GCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAA
CGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUARGUUCUACAUGCCUAAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA
AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGG
GGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAARUUCUUUAAGUGGAUGCUCUCAAACUCAGGGARAAC
CUARAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUARUUAGUAACCUGAUGARAU
CUCAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCAAAGCUGGAACCUCAUCAGCUGCAUUGUCUG
GUGAGARACAUGAAGGGGAUUUGCUCACCUUGAAUGAGACCAARAARAGCGGAAGCAGUUACGUAUC
UGGCCUCCACAACAGACACUGCAGAGGGGCCURAGAGARAUCAGGCUCAACAUUUUCAACCUCUUUC
UGCUCAAAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUUCAGGCUUUCUG
AGACCGGGUCAGGGGGUGUCCAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGAGGACACCCCCUGACCCGGUCUCAGAAAGCCUGARAGCAGAAUUAGUCAUUAGAA AnaX-MEHA2-
3 | GGGUGGUUGGCUUGGUCGGCAUAGACUUUGAGCAGARAGAGGUUGARACAAUAGAUGACUUACAACU CVB3-IL2

8 | AAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCURACGUCAAGACGAGGGUARAGAGAGAGUCCA precursor
AUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUAARAACAGCCU
GUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCL
UGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCA
CACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCALGCGG
UUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGC
AGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCG
ACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUARUACAGACAU
GGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAALUGCG
GAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACU
UUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACARUUGAGAGAUCGUUACC
AUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUA
CCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAARUACAGCAAAGCCACCAU
GUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACA
AGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGA
ACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUARA
GAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUU
AAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCG
UGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGU
GGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGG
GGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAR
CCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAUCAACCUCUU
UCUGCUCAAAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUUCAGGCUUUC
UGAGACCGGGUCAGGGGGUGUCCAUARCAGCAUAUCUAG

ol

GGGAGACCCUCGAAARAGAAGACAGUCUCGCUCUAUCGCCCAGGCUGGAGUGUAGAAUGCAGUGCUGU AnaX-MEHA3-
3 | GAUCUUGGCUCACUGCAACCUCUACCUCCCAGGCUCAAGCGAUUCUUCUGCCUCAGCCUCCCGAGUA CVB3-IL2

9 | GCUAGGRUUACAGGCGCGCGCCACCACACCUAGCUUAUUUUUGUAUUUUCAGUAGAGAUGGGGUUUC precursor
ACCAUGUUGACCAGGCUGGUCUCAAACUCCUGAGCUUAAGUGACGUGCCCGCCUCAGCCUCCCAAAG
UGCUUGGAUUAUAGGUGUGAGCCACUGCACAACARUAGAUGACUUACAACUAAUCGGAAGGUGCAGA
GACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCRAUUCUCARAGCCARUA
GGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUURARAACAGCCUGUGGGUUGAUCCCACC
CACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUC
CCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUG
AUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARUAGACUGCUCACGCGGUUGAAGGAGAARAGCGU
UCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAG
CACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGLCGGUGGLUG
CGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAU
UGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAACUGCGGAGCACACACCCUCAR
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUU
CAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACARUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUU
GGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGARAG
AGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUG
CUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGA
AAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUA
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CAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUG
AAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCA
AGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGG
CAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGARUCGG
UGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGGGGGGGCUUAAAUAAU
UGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCRAAACUCAGGGAAACCUAAAUCUAGUUAUA
GACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAACAUCUCUACUGAARAAUACAAARAAU
UAGCCGGGCGUAGUGGCAUGAGCCUGUAGUCCCAGCUACUUGGGAGGCUGAGGCAGGAGAAUGGCGU
GAACUCGGGAGGCAGAGCUUGCAGUGAGCCGAGAUCACACCACUGCACUCCAGCCUGGGCGACAGAG
CGAGACUCCGUCUCAUAACAGCAUAUCUAG

5| GGGAGACCCUCGAAGAGAGUCUCGCUCUUCGCCCAGGCUGGAGUGAGUGGUGUGAUCUGGCUCACUG AnaX-MEHA4-
4 | CAACUCUCCUCCCGUCAGCAUUCUCUGCCUCAGCCUCCCAGUAGCUGGAUACAGGCCGCCACACCCG CVB3-IL2

0 | CUAUUUUUGUAUUUUCAGUAGAGAUGAACAAUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACU precursor
CGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCA
GUAGCGAAAGCUGCAAGAGAAUGAAARACCCCCCCAUUARAACAGCCUGUGGGUUGAUCCCACCCACA
GGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCC
AACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCA
AGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGU
UAUCCGGCCAACUACUUCGAAARACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACU
ACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGLGGUGGCUGCGUU
GGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGARGAGUCUAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCA
GAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUU
UUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCC
AUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGU
UARAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAARGCCACCAUGUAUAGARUGCAGCUGCUGU
CUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUACAAGCUCUAGCACCAAGAARAC
CCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAG
AACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGC
ACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUARUCUGGCUCAGAGCAAGAA
CUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGC
GAGACARCCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGA
UCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGGGGGGGCUUAARAUAAUUGAG
CCUUAAARGAAGAARUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAARCCURARUCUAGUUAUAGACA
AGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAACAUCUCUACUGAARAUACAAAAAUAGCGGG
UGUGGCGGCCUGUAUCCAGCUACUGGGAGGLCUGAGGCAGAGAAUGCUGACGGGAGGAGAGUUGCAGU
GAGCCAGAUCACACCACUCACUCCAGCCUGGGCGAAGAGCGAGACUCUCUAUAACAGCAUAUCUAG

5| GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA AnaX-MEHAS5-
4 | AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG CVB3-IL2

1| GGUARAGAGAGAGUCCAAUUCUCARAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGAARUGAARACCC precursor
CCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCA
CGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCARACUGUAACUUAGAAGURACACACALCCGAU
CAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCA
AUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGU
AACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCAC
CGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGA
CGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUARCGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACA
AUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAA
UACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCA
CARACAGCGCUCCUACAAGCUCUAGCACCAAGAARACCCAGCUGCAGCUCGAGCACCUGCUGCUGGA
CCUGCAGAUGAUCCUGAACGGCAUURACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUU
AAGUUCUACAUGCCUAAGRAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGC
CCCUGGAAGAGGUGCUUARUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAG
CGACAUCAACGUGAUCGUGCUGGAACUGAARGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAU
GAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCC
UGACCUGAUARAGACGGGGGGGGCUUAAAUAAUUGAGCCUUARAGARGAAAUUCUUUAAGUGGAUGC
UCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAA
UUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCAUAACAGCAU
AUCUAG

5 | GGGAGACCCUCGAUAGACUUUGAGCAGAAAGAGGUUGARAAUGUUGAGCCUGAUUUCUCUUAGARACA AnaX-MEHA6-
AUAGAUGACUUACAACUAARUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG CVB3-IL2

2 | GGUAAAGAGAGAGUCCAAUUCUCAAAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGARUGAARACCC precursor
CCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCA
CGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAU
CAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCA
AUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGARAAACCUAGU
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AACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCAC
CGCAUUCCCCACGGGCGACCGUGGCGGUGGLCUGCGUUGGCGGCCUGCCCAUGGGGAARCCCAUGGGA
CGCUCUARAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUARCGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACA
AUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAA
UACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCA
CAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAARACCCAGCUGCAGCUCGAGCACCUGCUGCUGGA
CCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUU
AAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGC
CCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAG
CGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGLGAGUACGLCGAU
GAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCALCCL
UGACCUGAUAAAGACGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGC
UCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAA
UUAGUAACUAAGAGAAAUCAGGCUCAACAUUUUCAACCUCUUUCUGCUCAARAGUCUAAUAACAGCAU
AUCUAG

5 | AAAAUCCGUUGAUURAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU AnaX-CVB3-
4 | GGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACA IL2 circRNA
3 | CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUG
AGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAA
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLGGCCUGCLCAUGGGGAAACC
CAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCC
UGRAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGC
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAU
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUA
AGUUGAAUACAGCARAAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCL
ACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGG
ACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUU
UAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGRAG
CCCCUGGAAGAGGUGCUUARAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCA
GCGACAUCAACGUGAUCGUGCUGGAACUGARAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGA
UGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACC
CUGACCUGAUAAUAGAGACGCUACGGACUU

5| AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-
4 | UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAR PIE-IRES-

4 | CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawCVB3-
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLLUGLL CVB3-IL2
CAUGGGGAAACCCAUGGGACGCUCURAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG circRNA
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGARUACAGCARAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCC
CUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGARARCCCAGCUGCAGC
UCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCARAGCU
GACCAGAAUGCUGACAUUUAAGUUCUACAUGCCURAGAAGGCCACAGAGCUGAAGCACCUGCAAUGU
CUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGA
GACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGCUGCUGGAACUGAAAGGCAGCGAGACAACCUU
CAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGC
CAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCC
AUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUG
UAACUU

5| AAAAUUACAACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA PIE-IRES-

5 | CUACUUCGAARAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawMutation2
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCT -CVB3-IL2
CAUGGGGARACCCAUGGGACGCUCUARAUACAGACRUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG circRNA
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCRAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCC
CUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGC
UCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCU
GACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGU
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CUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGA
GACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUY
CAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGRAUCGGUGGAUCACCUUCUGC
CAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCC
AUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUG
UAACUU

AAACCUCGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUC
GUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCG
UGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUARA
ACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUY
GUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAG
CGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARUAGACUGCU
CACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGG
AAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCC
ACGGGCGACCGUGGCGGUGGCUGCGUUGGCEGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUA
CAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARAUCCU
AACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGG
GUUUAUACCACUUAGCUUGAAAGAGGUUAARACAUUACAAUUCAUUGUUAAGUUGAAUACAGCARAG
CCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGL
UCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUG
AUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACA
UGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGA
GGUCUU

AnaX-CLEAN-
PIE-Cargo-
PIE1-CVB3-
IL2 circRNA

AAUCUCUGACAUCAARCGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUAC
GCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCU
CCACCCUGACCUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGC
ACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUA
ACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUALCCCG
GACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUC
GAARAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGG
UCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGG
AARCCCRUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCG
GCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAA
CGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUVAUUCCUAUACUGGCUG
CUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAG
CUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAU
UGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCC
UGGCCCUGGUCACARACAGCGCUCCUACAAGCUCUAGCACCAAGARAACCCAGCUGCAGCUCGAGCA
CCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGA
AUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAG
AGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGALCUAG
AGACUU

AnaX-CLEAN-
PIE-Cargo-
PIE2-CVB3-
IL2 circRNA

AAAACCCCCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU
GGUAUCACGGUACCUUUGUGCGCCUGUUUURUACCCCCUCCCCCAACUGURACUUAGAAGUAACACA
CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUG
AGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGARAR
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGLGCUGGCUGCGUUGGLGGCCUGCLCCAUGGGGAAACLT
CAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCC
UGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGC
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAU
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUARUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARARCAUUACARUUCAUUGUUA
AGUUGAAUACAGCARAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUG
GCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACC
CGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAU
CGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGG
CUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGG
CCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAA
UGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUG
GUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCLCCCUUGCCA
UCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGC
UCGGUCCUUUGGCUCCGCGGUGAUCACACACARCUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCA
UUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCA
CAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAA
CUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAAGACGGGGGGGGCUU

AnaX-GCv3-
2xhomo-CVB3-
AQP1 circRNA
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o o U

AACUGGAAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUC
GAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACC
UUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUA
CACUGGCUGUGGGAUURACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAAC
CACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCC
UGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUA
UGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUAAAACAGCCU
GUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGLCGCC
UGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCA
CACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGG
UUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGC
AGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCG
ACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAU
GGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAALCUGCG
GAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACY
UUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACC
AUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUA
CCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAU
GGCCAGCGAGUUCAAGRAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUC
UUUGUCUUCAUCAGCAUCGGUULCUGCCCUGGGCUUCAARUACCCGGUGGGGAACAACCAGALGGLGG
UCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGE
CCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGLCUGCUCAGCUGCCAGAUCAGL
AUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCU
CAGGCAUCACCUCCAGCUU

Ana¥X-GCv3-
2xhoma-
CLEAN-PIE-
Cargo-PIELl-
CVB3-AQP1
circRNA

o w

AACCAGCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAG
GGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGA
GGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACLCUCCU
GGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACAL
AACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCU
ACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGLCA
GGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAR
UURAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGARGUAACACACACCGAUCAACA
GUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAARACCUAGUAACAL
CGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACLCGCAU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUC
UARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUARUUCCUAUACUGGCUGCUUAUGGUGACARUUGA
GAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUU
GUUGGGUUUAUACCACUUAGCUUGARAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAG
CARAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUG
GCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAAAUACCCGGUGGGGAACA
ACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGLUGGL
GCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGE
UGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCA
CCGCCAUCCUCUCUGGCAU

Twort-PIE-6-
CLEAN-PIE-
Cargo-PIELl-
CVB3-2QP1
circRNA

ol

AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAARAGCGUUCGUUAUCCGGCCAR
CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCCACCGUGGCGGUGGCUGCGUUGGCGECLUGCT
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGRARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAARUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGG
AGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCLCCUGG
GCUUCAARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUU
CGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCLGGCU
GUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCC
AGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUC
GCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGG
ACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAG
CCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGG
GAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUC
UGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCA
GCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGCGUGGAGGAGUAUGACCUGGAUGC

AnaX-GCv3-
2xhomo-
CLEAN-PIE-
IRES-
rawCVB3-AQP1
circRNA
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CGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUAAAACAGCCUGUGGGUUGAUCC
CACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCC
CCUCCCCCAACUGUAACUU

U

AARAUUACAACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAR
CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCLUGCT
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAARAACATUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGG
AGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCLCCUGG
GCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUU
CGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCLGGCY
GUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCC
AGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUC
GCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCLCUGGGCAUCGAGAUCAUCGGG
ACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAG
CCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGG
GAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUULC
UGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCA
GCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGC
CGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUARAACAGCCUGUGGGUUGAUCC
CACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCC
CCUCCCCCAACUGUAACUU

AnaX-GCv3-
2xhomo-
CLEAN-PIE-
IRES-
mutationCVR3
—-AQPL
circRNA

1

AARACCCCCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU
GGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACA
CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGALCUG
AGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGARAA
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACT
CAUGGGACGCUCUARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCC
UGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGL
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAY
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARARCAUUACAAUUCAUUGUUA
AGUUGARUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCC
CUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGARRACCCAGCUGCAGCUCGAGCACCUGC
UGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCARAAGCUGACCAGAAUGCU
GACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCRAUGUCUGGAAGAGGAR
CUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACLC
UGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUA
CGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUC
UCCACCCUGACCUGAURARAGACGGGGGGGGCUU

AnaX-MEHAL-
CVB3-IL2
c¢ircRNA

ul

AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAR
CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACLCGUGGLGGUGGCUGCGUUGGLGGCLUGee
CAUGGGGAAACCCAUGGGACGCUCURAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUARAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAARCGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCRAAA

AnaX-CLEAN-
PIE-IRES-
rawCVB3-
3',AnaX-
GCv3-2xhomo-
CLEAN-PIE-
IRES-
rawCVB3-3'

Ul

UURAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUU

AnaX-CLEAN-
PIE-IRES-
rawCVB3-
5',AnaXx-
CLEAN-PIE-
IRES-
rawMutation?2
-CVB3-
5',AnaX-
GCv3-2xhomo-
CLEAN-PIE-
IRES—

233




WO 2024/193634 PCT/CN2024/082941
rawCVB3-
5',AnaX-
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CLEAN-PIE-
IRES-
mutationCVB3
_5'

5| AaRAAUUACaACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-

5| UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA PIE-IRES-

6 | CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawMutation2
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGELCUGCC -CVB3-
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG 3',AnaX-
UCCUCCGGCCCCUGARAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU GCv3-2xhomo-
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA CLEAN-PIE-
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU IRES-
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUAC mutationCVB3
AAUUCAUUGUUAAGUUGAAUACAGCAAA -3

5| aAAcCUcGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUC AnaX-CLEAN-

5| GUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCG PIE-Cargo-

7 | UGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACC PIE1-3"

5 | AUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUA | AnaX—-CLEAN-

5 | CAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCU PIE-Cargo-

8 | GAACGGCAUUARACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCU PIE1-5"
AAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUCU
U

5 | aAUCUcUGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUAC AnaX-CLEAN-

5| GCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCU PIE-Cargo-

9 | CCACCCUGACC PIE2-3"

5 | AUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGC AnaX-CLEAN-

6 PIE-Cargo-

0 PIE2-5"

5| aACUGGaAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUC AnaX-GCv3-

6 | GAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACT 2xhomo-

1 | UUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUA CLEAN-PIE-
CACUGGCUGUGGGAUUARACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAARCUUCAGCRAC Cargo-PIEl-
CACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCC 3!
UGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUA
UGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAA

5 | GCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCA AnaX-GCv3-

6 | CGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGAACAACCA 2xhomo-

2 | GACGGCGGUCCAGGACARACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAG | CLEAN-PIE-
AGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGLCC Cargo-PIELl-
AGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGL 5
CAUCCUCUCAGGCAUCACCUCCagCUU

5| aACCagCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAG Twort-PIE-6-

6 | GGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGA CLEAN-PIE-

3| GGCGCCGEUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCU Cargo-PIEL-
GGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGCCUCCGCGGUGAUCACACAC 3
AACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCU
ACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCA
GGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAA

5| GCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCA Twort-PIE-6-

6 | CGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGAACRACCA CLEAN-PIE-

4 | GACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAG Cargo-PIEL-
AGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGLCUGCC 5
AGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGL
CAUCCUCUCUGGCAU

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARCAAUAGAUGACUUACAACUAAUCGGAAGGUGC Anabaena

6 | AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA pre-tRNA-Leu

5| AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAARAUCCGUUGACCGGCAGCCAACUCUGCACARAAUG gene GROUP I

UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAA
CUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG

INTRON
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AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCLCUGUC POLR2A
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGC precursor
GGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAAGACGCUACGGACUUAAAUAAUUG
AGCCUUAAAGAAGARAUUCUUUAAGUGGAUGCUCUCAARACUCAGGGAAACCUAAARUCUAGUUAUAGA
CAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACCACGCAAGGGAUGGUGUCAAAUUCGGCGARA | Azoarcus

6 | CCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGU olearius

6 | AGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAG BH72 GROUP I
UCACACAAACCGGaaUccgUUggUgcUgCCGGCAGCCARCUCUGCACAAARUGUCCAUCAUGGGGCA INTRON-PIE-2
UCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARUGCA POLR2A
GACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGG precursor
AGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCA
GGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCAL
AUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGCCGGG
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGA | Azoarcus

6 | AGGUGUAGAGACUAGACGGCACCCACCUAAGGCARACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGG olearius

7| CGAAAGUCACACAAACCGGaaUccqgUUggUgcUgCCGGCAGCCAACUCUGCACARAAUGUCCAUGAU BH72 GROUP I
GGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUAC INTRON-PIE-
AAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGA 4-5 POLR2A
UCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAU precursor
UGUGCAGGACACACUCACAGCAGUGCGCAARUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAA
CGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagecggacUcaUAUUUCGAUGUGCLCUUGE
GCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAAGCGCCCGCCCGGGCGUAUGGT
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGE Azoarcus

6 | GCCUGCGCCGAUGARGGUGUAGAGACUAGACGGCACCCACCUAAGGCARACGCUAUGGUGAAGGCAU olearius

8 | AGUCCAGGGAGUGGCGAARGUCACACAAACCGGaalccgUUggUgcUgCCGGCAGCCARCUCUGCAC BH72 GROUP I
AAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUG INTRON-PIE-5
UGACAACUCCGUACARAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGA POLR2A
GACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCLCCAGAGCARAUCGG precursor
CCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCC
UGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagecggacUcaUAUU
UCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAAGCGCCCG
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACC Azoarcus

6 | CACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACARACCGGaalc olearius

9| cgUUggUgcUgCCGGCAGCCAACUCUGCACRAARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCC BH72 GROUP I
CAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGA INTRON-PIE-6
GAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCU POLR2A
CGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAG precursor
UGCGCAARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAU
UGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUG
GUGUCARAUUCGGCGAAACCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGL
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCG Azoarcus

7 | RAAGUCACACAAACLGGaalUccegUUggUgcUgCCGGCAGCCARCUCUGCACARARUGUCCAUGAUGG olearius

0| GGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAA BH72 GROUP I
UGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUC INTRON-PIE-8
CAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUG POLR2A
UGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGACAGACGUCUUCCUGGCAGCGGGUGGAACG precursor
GCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGC
CGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAARCCUAAGCGCCCGCCCGGGCGUAUGGCAA
CGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCA
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARACCGGaalUcecgUUggUgcUgCCGGCAGCCAAC Azoarcus

7 | UCUGCACARARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAU olearius

1 | CUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGU BH72 GROUP I
CUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAG INTRON-PIE-9
CARUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAUUCACCAAGAGAGAC POLR2A
GUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggac precursor
UcaUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAA
GCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUULCGGCGCCUGCGCCGAUGAAGCGUGUAGAGA
CUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACA
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARUGUAUAUCGARAAAUCCUCUAAUUCAGGGAAC Staphylococce

7| ACCUAAACARACUARGAUGUAGGCARUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGAC us phage

2 | UAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAARUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGU Twort GROUP
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CUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUU
UagUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUG
GUCUACCUUUCGCUUGARAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUG
AACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCA
UGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCG
CARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUU
AUCUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

I INTRON-
PIE-2 POLR2A
precursor

~J

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGU
GCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGU
GAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAURAU
UGaacUUUUagUUaUCCGGCAGCCAACUCUGCACRAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUU
CUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGG
AUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGU
UCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACA
GCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGG
ACAUUGUUAUCUUCAAacUacUgaaagcaUAAAUARAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAA
AAUCCUCUAAUUCAGGGAACACCUARACAAACUAAGAUGUAGGCAGACCAGUGGACAAUCGACGGAU
AACAGCRAUAUCUAG

Staphvlococc
us phage
Twort GROUP
I INTRON-
PIE-4-5
POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUA
AUAAGAGAAAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCC
UUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAU
UCGUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAU
CGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAG
ACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGA
GCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGLCUGUCAUGGGUAUUGUGCAG
GACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACA
UGUGUGAUGGGGACAUUGUUAUCUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAA
UGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAAACUGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococce
us phage
Twort GROUP
I INTRON-
PIE-5 POLR2A
precursor

~J

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAARUAAGAGAAAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGCA
GCCAACUCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGC
UUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGC
CACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCC
CCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAG
AGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAacUac
UgaaagcaUAAAUARUUGUGCCUUUAUACAGUAAUGUAUAUCGAAARAUCCUCUAAUUCAGGGAACA
CCUARACARACUAAGAUGUAGGCARUCCUGAGCURAGCUCUUAGUGACCAGUGGACARUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-6 POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCUAGGARGUAGGGUCAAGUGACUCGARAUGGGGAU
UACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAA
CCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGG
GGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAA
UGCAGACUUUGACGGGGAUGAGAUGARACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUC
CAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCARUCGGCCUGUCAUGGGUAUUG
UGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGARCG
GCACAUGUGUGAUGGGGACAUUGUUAUCUUCARacUacUgaaagcaUAAAUAAUUGUGCCUUUAUAC
AGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACARACUAAGAUGUAGGCAAUCCU
GAGCUAAGCUCUUAGUAAUAAGAGARAGUGCAACGACUAUUCCGAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-7 POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAA
ACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGCAGCC
AACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUG
AAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCAC
AGUCUCUGGAGACGCGCAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCA
GAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCARGAGA
GACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCARacUacUga
aagcaUARAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAARAUCCUCUAAUUCAGGGAACACCU
AAARCAAARCUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUARAUARGAGRAAGUGCAACGACURUU
CCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUGACCAGUGGACAAUCGALCGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-8 POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARCAUAUAGAAGGAUAGGAGUAACGAACCUAUUC
GUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCAACUCUGCACAARAUGUCCAUGAUGGGGCAUCG
GGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGAC
UUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGC
UGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGA
CACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUG

Staphylococce
us phage
Twort GROUP
I INTRON-
PIE-9 POLR2A
precursor
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UGUGAUGGGGACAUUGUUAUCUUCAARacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUG
UAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAA
GCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAARUG
GGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAGACCAGUGGACARUCGACGGAU
AACAGCAUAUCUAG

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCUAACGAACCUAUUCGUAACAUAAUUGaacUUUUa
gUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGU
CUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAA
CUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUG
AUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCA
AAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAU
CUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAARAUCCUCUAR
UUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAA
GUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUA
GUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1
POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGA
AGGGGGGGCCUAGGAUGCGGCARGACGACCCGGUUCGGEGGAACGCCAGCGUGCGLCUGGCCGAUCCCG
AGGCGAGGUGCCGUAGCGGGCALCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCALGGLG
GAGGGGAGGCUUAAGGUACGUGCUAARACCCCCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGC
GAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCALGGAGCCCCCGGCGUCGAUUG
CUGUUACCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGG
UCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGA
ACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCULCGCAU
GAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGC
AARUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGARCGGCACAUGUGUGAUGGGGACAUUGUUA
UCUUCAAUAACAGGUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUU
UCUUCCGCUAGUCGAUCAUCCGUGACGGCCGGGCAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRON-PIE-2
POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCG
GGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCUUAAGGUA
CGUGCUARAACCCCCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGGGACCGL
CCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCCCCGGCGUCGAUUGeUgUUaCCGGCAGCCAAC
UCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAU
CUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGU
CUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAG
CAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGAL
GUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAUaacaggUUGA
CGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCA
UCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGA
UGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP 1
INTRCN-PIE-5H
POLR2A
precursor

[ee}

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGGGCACCCGUCGUAACGCGLGGUAGGGLGUCG
GUCCCCCCUCCCACGGCGGAGGGGAGGCUUAAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAG
GARAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCLGGCGGGCLACGG
AGCCCCLGGCGUCGAUUGCUgUUaCCGGCAGCCAACUCUGCACAAARUGUCCAUGAUGGGGCAUCGG
GUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGARUCUUAGUGUGACAACUCCGUACARAUGCAGACU
UUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCU
GGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGAL
ACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGU
GUGAUGGGGACAUUGUUAUCUUCAAUaacaggUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGA
ACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCAUCCGUGACGGLCCGGGCAAGCGCCCGAGUACC
AGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCAAGACGACCCGEGUUCGGGGAACGCC
AGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGACCAGUGGACARUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6
POLR2A
precursor

w U

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGCGGAGGGGAGGCUUARGGUACGUGCUARACCC
CCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGGGACCGLCCGAUGGLGGUC
GGAUGCCGGCGGGCCACGGAGCCCCCGGCGUCGAUUGeUgUUaCCGGCAGCCAACUCUGCACAARAT
GUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACA
ACUCCGUACARUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGC
GAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGARUUGUCACCCCCCAGAGCARUCGGLCUGU
CAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAG
CGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAUaacaggUUGACGACAACAGGCC
UGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCAUCCGUGACGGCC
GGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCAAGACG
ACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCGGGCALCCCGU
CGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP 1T
INTRON-PIE-8
POLR2A
precursor
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5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGAGCCCCCGGCGUCGAUUGeUgUUaCCGGCAGT Scytalidium

8 | CAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUU dimidiatum

4 | GAAUCUUAGUGUGACAACUCCGUACAARUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCA GROUP I
CAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCC INTRON-PIE-9
AGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAAUUCACCAAGAG POLR2A
AGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAUaacagyg precursor
UUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCG
AUCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCU
AGGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCLCGAGGCGAGGUGL
CGUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCU
UAARGGUACGUGCUARACCCCCAGCGAUGGGGCCUGUAGGARARAGCCCUGGUACGGCGAAGCCUACGG
GGACCGCCCGAUGGLCGGUCGGAUGCCGGCGGGCCACGACCAGUGGACARUCGACGGAUAACAGCAUA
UCUAG

5| gggagacccUcgaCCGUCGAUUGUCCACUGGUCARAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUAC Scytonema-

8 | CCUAACAGUAAAGCUGAGGGUARAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGARAA | hofmani tRNA

5| CUGUAGAUGGUAAGcaUaacccCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGU fMet gene
CCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUU GROUP I
GACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGG INTRCON-PIE-6
CCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACAC POLR2A
ACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGU precursor
GAUGGGGACAUUGUUAUCUUCARgggcUCARCGAGUAAGAUUGACUAAACGCUUAARAGUUAUUCUU
ACUAUGGGCGGUACGUAAAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCG
GUAAUCCCGAACCAAGCUCCAGAGACCAGUGGACAAUCGACGGaUaacagcalUaUcUag

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUUACGUAUGUUUACCUGUCAARACUCGGGGAA Scytonema-

8 | GCCAAUAGCGCGGUAAUCCCGAACCRAAGCUCCAGAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGU hofmani tRNA

6 | ACCCUARCAGUAAAGCUGAGGGUARAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGAA fMet gene
AACUGUAGAUGGUAAGCAUAACCCCCGGCAGCCARCUCUGCACAAAAUGUCCAUGAUGGGGCAUCGG GROUP I
GUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAARUCUUAGUGUGACAACUCCGUACAAUGCAGACU INTRON-PIE-2
UUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCU POLR2A
GGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGAL precursor
ACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGU
GUGAUGGGGACAUUGUUAUCUUCAAGGGCUCAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUC
UUACUAUGGGCGGUACGURAAAGAGACCAGUGGACAAUCGACGGAUARCAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAUCCCGAACCAAGCUCCAGAARUGGAGAAGGUGU Scytonema-

8 | AGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUARAGGGACAGUCCAGACCACARACUG hofmani tRNA

7 | GUUAAUCCAGGCAGUGAARACUGUAGAUGGUAAGCAUAACCCCCGGCAGCCAACUCUGCACARARAUG fMet gene
UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAR GROUP I
CUCCGUACARUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG INTRON-PIE-
AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUC 4-5 POLRZ2A
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAARUUCACCARGAGAGACGUCUUCCUGGAGC precursor
GGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAGGGCUCAACGAGUAAGAUUGACUA
AACGCUUARAAGUUAUUCUUACUAUGGGCGGUACGUAAAGARACUUACGUAUGUUUACCUGUCARAC
UCGGGGAAGCCAAUAGCGCGGUAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARUCCAGGCAGUGAARACUGUAGAUGGUAAGCAU Scytonema-

8 | AACCCCCGGCAGCCAACUCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGU hofmani tRNA

8 | CUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAA fMet gene
CUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUG GROUP I
AUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCA INTRON-PIE-9
AAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAU POLR2A
CUUCAAGGGCUCAACGAGUAAGAUUGACUARACGCUUAARAAGUUAUUCUUACUAUGGGCGGUACGUA | precursor
AAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGC
UCCAGAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUARAGCUGAGGGUARAGGG
ACAGUCCAGACCACAAACUGGUUGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| gggagacccUcgaCCGUCGAUUGUCCACUGGUCAAUCCGGUGAAGGUGUAGAGACUGGAUGGGCAGC Agrobacteriu

8 | ACCUAAAGGCCGCAAGGUCCACGGUGAAGGGACAGUCCAGACCACGAACGCCCUUAUCCGAUUGAGA | m-

9 | UGGGCGGCGGCGARAAGCCGAAGCGGUAUGaalccUggggCCGGCAGCCAACUCUGCACAAAAUGUCC tumefaciens
AUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACRACUC GROUP I
CGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGE INTRON-PIE-6
AGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUG POLR2A
GGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGG | precursor
UGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAACaggaUUccURAGGUARAUUGGGGGUU
GCGCCCGGARACGACGCAAUCGAUCUGCUCAAAGUCGGGGARAGCUUCGCUGGUCUUCCAGUAUGCC
AAUCCCGAGCCAAGCUCCGGAGAGACCAGUGGACAAUCGACGGaUaacagecalalUcUag

5| AARAAUCCGUUGACCGGCAGCCAACUCUGCACARARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUC Anabaena

9 | CCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARUGCAGACUUUGACGGGGAUG | pre-tRNA-Leu

AGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCC
UCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCA
GUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACA
UUGUUAUCUUCAAAGACGCUACGGACUU

gene GROUP I
INTRON
POLR2A
circRNA
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5| AAUCCGUUGGUGCUGCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUU Azoarcus

9 | CUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGG olearius

1 | AUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGU BH72 GROUP I
UCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACA INTRON-PIE-2
GCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGG POLR2A
ACAUUGUUAUCUUCAAGAGCAGCGGACUCAU circRNA

5| AACUUUUAGUUAUCCGGCAGCCAACUCUGCACAARRAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCU Staphvlococe

9 | CCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAU us phage

2 | GAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUC Twort GROUP
CUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGC I INTRON-
AGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGAC PIE-2 POLR2A
AUUGUUAUCUUCAAACUACUGARAAGCAU circRNA

5| CUGUUACCGGCAGCCAACUCUGCACAARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGG Scytalidium

9 | UCUACCUUUCGCUUGARAUCUUAGUGUGACAARCUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGA dimidiatum

3 | ACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAU GROUP I
GAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGC INTRON-PIE-2
AAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUA POLR2A
UCUUCAAUAACAGGU circRNA

5| CAUAACCCCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAU Scytonema-

9 | GGUCUACCUUUCGCUUGAARUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAU hofmani tRNA

4 | GAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGL fMet gene
AUGAUUGUCACCCCCCAGAGCARUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGC GROUP I
GCRAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGARCGGCACAUGUGUGAUGGGGACAUUGU INTRON-PIE-6
UAUCUUCAAGGGCU POLR2A

circRNA

5| AAUCCUGGGGCCGGCAGCCAACUCUGCACARARUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCE Agrobacteriu

9 | AUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAG | m-

5 | AUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUC tumefaciens
GCAUGAUUGUCACCCCCCAGAGCARUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGU GROUP I
GCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUU INTRON-PIE-6
GUUAUCUUCAACAGGAUUCCU POLR2A

circRNA

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAARCRAUAGAUGACUUACAACURAUCGGAAGGUGC AnaX-CAV2-

9 | AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA Luciferase

6 | AUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAAUCCGUUGAUUAARACAGCCUGUGGGUUGCACCC precursor

ACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCC
CCACCCCGAGUAAACGUUAGAAGUUACGCAACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAU
CGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGURUCARUAGACUGCURACGCGGUUGAAGGAGAAA
ACGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGE
UCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGCGAUCCCCACAGGUGACUGUGGLGGUG
GCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGC
CUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGARUGCGGCUAAUCCUAACUGCGGAGCACAUGCCL
UCAAACCAGGGGGUGGUGUGUCGUAACGGGUAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGU
GUUUCUUUUUAUUCUUAUARAUGGCUGCUUAUGGUGACAARUUARAGARUUGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAACAARUCGCUCAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAU
ACAGCUCAUAACACCCUCUUAURUUUACUACARUUGAAUAGCAAGARAUGGAGGACGCCAAGARACAU
CAAGAAGGGCCCGGCGCCCUUCUACCCGCUGGAGGACGGGACCGLCGGCGAGCAGCUCCACAAGGCL
AUGAAGCGGUACGCLCUGGUGCLGGGCACGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCA
CCUACGCGGAGUACUUCGAGAUGAGCGUGCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACAC
CAACCACCGGAUCGUGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGLCGLCCUC
UUCAUCGGCGUGGCLCGUCGCCCLGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGG
GGAUCAGCCAGCCGACCGUGGUGUUCGUGAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAA
GAAGCUGCCCAUCAUCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCG
AUGUACACGUUCGUGACCAGCCACCUCCCGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCU
UCGACCGGGACAAGACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGU
GGCCCUGCCGCACCGGACCGLCCUGCGUGCGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAG
AUCAUCCCGGACACCGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCC
UGGGCUACCUCAUCUGCGGCUUCCGGGUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCG
GAGCCUGCAGGACUACAAGAUCCAGAGCGCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAG
AGCACCCUGAUCGACAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGA
GCAAGGAGGUGGGCGAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGLCAUCCGCCAGGGCUACGGLCU
GACCGAGACCACGAGCGCGAUCCUGAUCACCCCCGAGGGGGACGACAAGCCGGGLGCCGUGGGCAAG
GUGGUCCCGUUCUUCGAGGCCAAGGUGGUGGACCUGGACACCGGCARGACCCUGGGCGUGAACCAGC
GGGGCGAGCUGUGCGUGCGGGGEGCCGAUGAUCAUGAGCGGCUACGUGAACAACCLGGAGGCCACCAR
CGCCCUCAUCGACAAGGACGGCUGGCUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCAL
UUCUUCAUCGUCGACCGGCUGAAGUCGCUGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGL
UGGAGAGCAUCCUGCUCCAGCACCCCAACAUCUUCGACGCCGGCGUGGCCGGGCUGCCGGACGACGA
CGCCGGCGAGCUGCCGGCCGCGGUGGUGGUGCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUC
GUCGACUACGUGGCCAGCCAGGUGACCACCGCCAAGAAGCUGCGGGGECGGCGUGGUGUUCGUGGACG
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AGGUCCCGAAGGGCCUGACCGGGAAGCUCGACGCCCGGAAGAUCCGLCGAGAUCCUGAUCAAGGCCAA
GAAGGGCGGCAAGAUCGCCGUGAGCUAAAGACGCUACGGACUUAAAUAAUUGAGCCUUAAAGAAGAR
AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGARACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAG
CCAAGCCGAAGUAGUARUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARUGGAGAAGGUGUAGAGACUGGRAGGCAGGUAL Scytonema-

9 | CCUAACAGUAAAGCUGAGGGUAAAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGARAA hofmani tRNA
7 | CUGUAGAUGGUAAGCAUAACCCUUARAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGL fMet gene
GCUAGCACUCUGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAG GROUP I
AAGUUACGCAACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUC INTRON-PIE-6
UCCCCGGACCGAGUAUCAAUAGACUGCUAACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCCAAU CAV2-
UACUUCGAGAAGCCCAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAG Luciferase
AUCAGGCUGAUGAGUCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGLGGLCUGCCU precursor
AUGGGGCAACCCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGU
CCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACAUGCCCUCAAACCAGGGGGUGGUGUG
UCGUAACGGGUAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAA
UGGCUGCUUAUGGUGACAAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUA
ACAAAUCGCUCAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUU
AUAUUUACUACAAUUGAAUAGCAAGAAGCCACCAUGGAGGACGCCARGAACAUCAAGAAGGGCCCGG
CGCCCUUCUACCCGCUGGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGC
CCUGGUGCCGGGCACGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUAL
UUCGAGAUGAGCGUGCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCG
UGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGLGCCCUCUUCAUCGGCGUGGL
CGUCGCCCCGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCG
ACCGUGGUGUUCGUGAGCAAGARGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCA
UCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGU
GACCAGCCACCUCCCGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACARAG
ACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGLCCUGCCGAAGGGGGUGGCCCUGCLGCACC
GGACCGCCUGCGUGLCGLCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACAL
CGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUC
UGCGGCUUCCGGGUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACU
ACAAGAUCCAGAGCGCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGA
CAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCARGGAGGUGGGT
GAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGA
GCGCGAUCCUGAUCACCCCCGAGGGGGACGACAAGCCGGGLGCLCGUGGGCAAGGUGLEUCLLGUUCUU
CGAGGCCAAGGUGGUGGACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGL
GUGCGGGGGCCGAUGAUCAUGAGCGGCUACGUGAACAALCCGGAGGLCACCAACGCCCUCAUCGACA
AGGACGGCUGGCUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGA
CCGGCUGAAGUCGCUGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUG
CUCCAGCACCCCAACAUCUUCGACGCCGGCGUGGCCEGGCUGCCGGACGACGACGCCGGCGAGCUGE
CGGCCGLGGUGGUGGUGCUGGAGCACGGCARGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGC
CAGCCAGGUGACCACCGCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGARGGGC
CUGACCGGGAAGCUCGACGCCCGGAAGAUCCGCGAGAUCCUGAUCARGGCCARGAAGGGCGGCARGA
UCGCCGUGAGCUGAUAAGGGCUCAACGAGUAAGAUUGACUAAACGCUURAARAGUUAUUCUUACUAUG
GGCGGUACGUAAAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUARUC
CCGAACCAAGCUCCAGAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | AAAAUCCGUUGAUUAARACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUC AnaX-CAvV2-
9 | UGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGAAGUUACGCA Luciferase
8 | ACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACC circRNA

GAGUAUCAAUAGACUGCURACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGA
AGCCCAGUAGUGCCGUGARAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGA
UGAGUCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAAL
CCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCC
CUGAAUGCGGCUAAUCCUARACUGCGGAGCACAUGCCCUCARACCAGGGGGUGGUGUGUCGUARCGGG
UAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAAUGGCUGCUUA
UGGUGACAAUUAAAGAARUUGUUACCARUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAARUCGCU
CAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAURAACACCCUCUUAUAUUUACUA
CARUUGARAUAGCAAGARAUGGAGGACGCCARGRAACAUCRAAGAAGGGCCCGGCGCCCUUCUACCCGCU
GGAGGACGGGACCGCCEGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCEGGCACG
AUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGC
GCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAA
CAGCCUGCAGUUCUUCAUGCCGGUGCUGGGLGCCCUCUUCAUCGGCGEUGGCCGUCGCCCCGGLGAAL
GACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGEUGGUGUUCGUGA
GCAAGARGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGRAGCUGCCCAUCAUCCAGARGAUCAUCAU
CAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCCCG
CCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACARGACCAUCGCCCUGAUCA
UGAACAGCAGCGGCAGCACCGGLCUGCCGAAGGGGGUGGCCCUGCCECACCGGALCCGELLUGCGEUGLE
CUUCUCGCACGCCCGGGACCCCAUCUUCGGLCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUG
GUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGEGCUUCCGGGUGG
UCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGC
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GCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCG
AACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGC
GGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCAL
CCCCGAGGGGGACGACRAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUG
GACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGCGUGLGGGGGCCGAUGA
UCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGACGGCUGGCUGCA
CAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGULCGCUG
AUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACA
UCUUCGACGCCGGCGEUGGCCGGGECUGCCGGACGACGACGCCGGCGAGCUGCCGGLCGCGGUGGUGGU
GCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACC
GCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGARAGGGCCUGACCGGGAAGCUCG
ACGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCARGAUCGCCGUGAGCUARAG
ACGCUACGGACUU

CAUAACCCUUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGU
AUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGAAGUUACGCAACCC
CGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGY
AUCAAUAGACUGCUAACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARAGCC
CAGUAGUGCCGUGARAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAG
UCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCARCCCAU
AGGACGCUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGA
AUGCGGCUAAUCCUAACUGCGGAGCACAUGCCCUCAAACCAGGGGGUGGUGUGUCGUAACGGGUAAC
UCUGCAGCGGAACCGACUACUUUGGGUGUCLCGUGUUUCUUUUUAUUCUUAUAAUGGCUGCUUAUGGU
GACAAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAAAUCGCUCAUA
UACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUUAUAUUUACUACAAU
UGAAUAGCAAGAAGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCG
CUGGAGGACGGGACCGCCGGCGAGCAGCUCCACARGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCA
CGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGU
GCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACLCGGAUCGUGGUGUGCULCGGAG
AACAGCCUGCAGUUCUUCAUGCLCGGUGCUGGGCGCCCUCUUCAUCGGCGEUGGCCGUCGCCCCGGCGA
ACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGU
GAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUC
AUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCC
CGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAU
CAUGAACAGCAGCGGCAGCACCGGCCUGCCGARGGGGEUGGCCCUGLCGCACCGGBALCCGLCUGLCGUG
CGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCARCCAGAUCAUCCCGGACACCGCCAUCCUGAGCG
UGGUGCCGUUCCACLCACGGCUULCGGCAUGUUCACGACCLCUGGGCUACCUCAUCUGCGGLCUUCCGGGU
GGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGC
GCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGU
CGAACCUGCACGAGAUCGCCAGCGGGGGCGLCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAA
GCGGUUCCACCUCCLCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCLCGUUCUUCGAGGCCAAGGUGG
UGGACCUGGACACCGGCAAGACLCUGGGCGUGAACCAGLCGGGGCGAGCUGUGCGUGCGGGGGLCGAU
GAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGACGGCUGGCUG
CACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGC
UGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAA
CAUCUUCGACGCCGGCGUGGCCGGGCUGCCGEGACGACGACGCCGECEAGCUGCCEGCCECEEUGGUG
GUGCUGGAGCACGGCARGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCA
CCGCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCU
CGACGCCCGGAAGAUCCGCGAGARUCCUGAUCAAGGCCARGAAGGGCGGCARGAUCGCCGUGAGCUGA
UAAGGGCU
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GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA
AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG
GGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGARUGAARACCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAAC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCLCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUVUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCAAAGGCACCLCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCYU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUALCCLGLUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUARCUUCGAGARUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGRAAL
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCCCUCUUCAUCGGCGUGGCLGUCGCCCCGGCGAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGCGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCCCGL
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGCCCUGCCGCACCGGACCGCCUGCGUGLGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGLCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCAAGACCCUGGGCGUGARCCAGCGGGGCGAGCUGUGCGUGCGGGGGCCGARUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGALCGGCUGGCUGCAL
AGCGGCGACAUCGCLUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGCUGCCGGACGACGACGCCGGCGAGCUGCCGGCLGCGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
CCARAGARGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
CGUUAAARUCACAAACACCAUUGUCACACUCCAACUUAAAUCCAGACGGGGGGGGCUUAAAUARUUGA
GCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGARACCUAAAUCUAGUUAUAGAC
AAGGCARUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCAC
AACAGACACUGCAGAGGGGCCAUAACAGCAUAUCUAG

circRNA-1X
miRNA-122-5P

GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA
AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARCGUCAAGACGAG
GGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGARAUGAARACCC
CCCCACCCACAGCARGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAAL
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCLCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGLCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGCGUGAACCGGUGGGGUAAGGU

circRNA-2X
miRNA-122-5P
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UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCY
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGCUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAC
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCECLCCUCUUCAUCGGCGUGGCCGUCGECCCCGGCGEAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCCCGC
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGCCCUGCCGCACCGGACCGCCUGCGUGCGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGLGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGLCGGCUUCCEGEUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACARAGCCGGGCGCCGUGGGCARGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCAAGACCLUGGGCGUGAACCAGCGGGGLCGAGCUGUGCGUGCEGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGACGGCUGGCUGCAL
AGCGGCGACAUCGCLUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCLCGGGCUGCCGGACGACGACGCCGGCGAGLCUGCLCGGCLGCGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
CCARAGARGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAR
GAUUAUUUCGCAAACACCAUUGUCACACUCCAACUUAAAUCCCAAACACCAUUGUCACACUCCARACU
UAAAUCCAGACGGGGGGGGCUUAAAUAAUUGAGCCUUARAGAAGAAAUUCUUUAAGUGGAUGCUCUC
AAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCARUCCUGAGCCAAGCCGAAGUAGUARUUAG
UAAGCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCAUAACAGCAUAUCU
AG

GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCARCA circRNA-1X

AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG miRNA-671-5P
GGUARAGAGAGAGUCCAAUUCUCARAGCCAARUAGGCAGUAGCGAAAGCUGCAAGAGARUGAARALCCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCRAAC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGARUUCUAGCGGGGCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCLCCAACUCALCCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACLCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCLCGGCGCCLUUCUALCCLGCUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAL
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGARAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCULCCCGL
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGCCCUGCCGCACCGGACCGCCUGCGUGCGT
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCLGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCARGGUGGUCCCGUUCUUCGAGGCCARGGUGGUGG
ACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGCGUGCGEGGGGCCGAUGAU
CAUGAGCGGCUACGUGARACAACCCGGAGGCCACCAACGLCCCUCAUCGACAAGGALGGCUGGCUGCAL
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGARAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGLCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGCUGCCGGACGACGACGCCGGCGAGCUGCCGGCLGCGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG

[VSI o)
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CCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGARGGGCGGCAAGAUCGCCGUGAGCUGAUAA
CGUUAAAUCACUCCAGCCCCUCCAGGGCUUCCUACUUARAUCCAGACGGGGGGGGCUUAAAUAAUUG
AGCCUUAAAGAAGARAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAARCCUAAAUCUAGUUAUAGA
CAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCA
CAACAGACACUGCAGAGGGGCCAUAACAGCAUAUCUAG

6 | GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA circRNA-2X
AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG miRNA-671-5P
4 | GGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCC
CCCCACCCACAGCAAGRAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAAC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGLCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCLCCAACUCALCCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGLCUG
GAGGACGGGACCGCLCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCLCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAL
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGECCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCULCCCGL
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGLCCUGCCGLACCGGACLGLCUGLGUGLEL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGLCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACE
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGCGUGCGGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGALCGGCUGGCUGCAL
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCLCGGGLUGCCGGACGACGACGLCGGCGAGLUGCCGGCLGLGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
CCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
GAUUAUUUCGCUCCAGCCCCUCCAGGGCUUCCUACUUAAAUCCCUCCAGCCCCUCCAGGGCUUCCUA
CUUAAAUCCAGACGGGGGGGGCUUAARAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUC
UCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUARUU
AGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCACRACAGACACUGCAGAGGGGCCAUAACAGCAUAU
CUAG

=

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCCUCGAUUGUCCACUGGUCARCAAUAGAUGACU clrcRBD-WT
1 | UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAARGAGA
5| GAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCACCCAC
AGCAAGAAUGCCAUCAUCUGUCCUCACCCCCARUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUY
ACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUC
CCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUARCUACAGUGCUUUGGUAGGUA
AGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGG
CACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGARUUCUAGCGGGGCUCUGCUUGGUGCCA
ACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGU
GCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUG
CGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCC
AACGCCCGUACUUUGGUGACACCUCRAGACCACCCAGGARAUGCCAGGGAGGUACCCCACCUCACGGU
GGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACG
GCCACCAUGGAUAUGAGAGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUA
AAUGCAACAUCACCAACCUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUA
UGCCUGGAACAGGAAGAGGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGLCCUCC
UUCAGCACCUUCAAGUGUUAUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCU
AUGCUGACUCCUUUGUGAUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAU
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UGCUGACUACAACUACAAACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAAC
CUGGACAGCAAGGUGGGAGGCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGARAAC
CAUUUGAGAGGGACAUCAGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUARUGGAGUGGAGGG
CUUCAACUGUUACUUUCCACUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCA
UACAGGGUGGUGGUGCUGUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCURAGAGCAGCG
ACAAGACCCACACAUGCCCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUU
UCCUCCAAAGCCUAAGGACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAU
GUGUCUCACGAGGACCCUGAAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCA
AGACCAAGCCUAGAGAGGAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCA
CCAGGAUUGGCUGAACGGCAAAGAGUACAAGUGCAAGGUGUCCAACAAGGCCCUGCCAGCUCCUAUC
GAGAAAACCAUCAGCAAGGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCC
GGGAAGAGAUGACCAAGAACCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAU
CGCCGUGGAAUGGGAGAGCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGAL
AGCGACGGCUCAUUCUUCCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGLAACG
UGUUCAGCUGCAGCGUGAUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUC
UCCUGGCAAAUGAUAAAGACGGGGGGGGCUUARAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUARAGUG
GAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGU
AGUAAUUAGUAAGACCAGUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUA
G

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCAACAAUAGAUGACU ¢ircRBD-UTR-
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 1

6 | GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCARAAAR
AAAAAAACCAAAAARAAAAAACRAARAAAARAAAUAAUUGACUAACCCACAGCAAGAAUGCCAUCAU
CUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGA
GUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUC
GCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCLCCCG
CGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCARAGGCACCLGGUCUTULCCGCL
UUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGL
GCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCU
GAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCCG
GCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCARACGCCCGUACUUUGGU
GACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGC
UAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGAG
AGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUARAUGCAACAUCACCAAC
CUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAGA
GGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGUG
UUARUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGUG
AUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAUUGCUGACUACAACUACA
AACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAACCUGGACAGCAAGGUGGG
AGGCAACUACAACUACCUCUACAGACUGUUCAGGRAAGAGCAACCUGAAACCAUUUGAGAGGGACAUC
AGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUAAUGGAGUGGAGGGCUUCAACUGUUACUUUC
CACUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCARCCAUACAGGGUGGUGGUGCU
GUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCUAAGAGCAGCGACAAGACCCACACAUGC
CCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUUUCCUCCAARAGCCUAAGG
ACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGACCC
UGAAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCAAGCCUAGAGAG
GAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGAACG
GCARAAGAGUACAAGUGCAAGGUGUCCAACARGGCCCUGCCAGCUCCUAUCGAGARAACCAUCAGCARA
GGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCARAGCCGGGARGAGAUGALCCAAG
AACCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCCGUGGAAUGGGAGA
GCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGACAGCGACGGCUCAUUCUU
CCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGUG
AUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCAAAUGAUAAA
GACGGGGGGGGCUURARUAAUUGAGCCUUARAGAAGAARUUCUUUARGUGGAUGCUCUCAAACUCAG
GGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUARUUAGUAAGACCA
GUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAUARCAGCAUAUCUAG

=

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCARUAGAUGACU c¢ircRBD-UTR~-
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 2

7 | GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCAGGGAA
AUAAGAGAGARAAGAAGAGUAAGAAGAAAUAUAAGACCCCGGCGCCCCCACAGCAAGRAAUGCCAUCA
UCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUG
AGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGLCCCUACGGLCUCU
CGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCC
GCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACLCGGUCUUUCLCGEL
CUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCAARUGEG
CGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUC
UGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCC

i

245



WO 2024/193634 PCT/CN2024/082941

GGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGG
UGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCLCUGGG
CUARAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGA
GAGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUAAAUGCARCAUCACCAR
CCUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAG
AGGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGU
GUUAUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGU
GAUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAUUGCUGACUACAACUAC
AAACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAACCUGGACAGCAAGGUGG
GAGGCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGAAACCAUUUGAGAGGGACAU
CAGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUAAUGGAGUGGAGGGCUUCAACUGUUACUUU
CCACUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCAUACAGGGUGGUGGUGC
UGUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCUARAGAGCAGCGACAAGACCCACACAUG
CCCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCLCUGUUUCCUCCAAAGCCURAG
GACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGACC
CUGAAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCAAGCCUAGAGA
GGAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGAAC
GGCAAAGAGUACAAGUGCAAGGUGUCCAACAAGGCCCUGCCAGCUCCUAUCGAGAARACCAUCAGCA
AGGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCCGGGAAGAGAUGACCAA
GAACCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCLGUGGAAUGGGAG
AGCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGACAGCGACGGCUCAUUCU
UCCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGU
GAUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCAAAUGAUAA
AGACGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGARAUUCUUUAAGUGGAUGCUCUCAAACUCA
GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUARGACC
AGUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCARUAGAUGACU circRBD-UTR-
1 | UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 3

8 | GAGUCCRAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCAGAGAA
UAAACUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCCCCACAGCAAGAAUGCCAUCAUCU
GUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGU
GGUGCAUGUGUUGAACRAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUCGC
GAGGCCCACCCCUUCCCUCCCCUUAURACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCLCGEG
GAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGEUCUUUCCGCCUU
CAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCLAACCUCCLCCARAUGLGLGL
UGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGA
GACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCCGGL
UUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGA
CACCUCARAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGCUA
AUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGAGAG
CCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUARAUGCARCAUCACCAACCU
GUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAGAGG
AUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGUGUU
AUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGUGAU
UAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAUUGCUGACUACAACUACAAA
CUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACARACCUGGACAGCAAGGUGGGAG
GCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGAARCCAUUUGAGAGGGACAUCAG
CACAGAGAUUUACCAGGCUGGCAGCACACCRAUGUARAUGGAGUGGAGGGCUUCAACUGUUACUUUCCA
CUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCAUACAGGGUGGUGGUGCUGU
CCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCUAAGAGCAGCGACRAGACCCACACAUGLCCC
UCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUUUCCUCCAAAGCCUAAGGAC
ACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGALCCUG
AAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCAAGCCUAGAGAGGA
ACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGARCGGC
AAARGAGUACAAGUGCAAGGUGUCCAACAAGGCCCUGCCAGCUCCUAUCGAGAAARCCAUCAGCAAGG
CCRAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCCGGGARAGAGAUGACCAAGAR
CCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCCGUGGAAUGGGAGAGE
AAUGGCCAGCCUGAGAACRACUACAAGACCACACCUCCUGUGCUGGACAGCGACGGCUCAUUCUUCC
UGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGUGAU
GCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCARARUGAUAAAGA
CGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGG
AARCCURAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCARAGCCGAAGUAGUAAUUAGUAAGACCAGU
GGACAAUCGACGGGACCAGUGGACARAUCGACGGAUAACAGCAUAUCUAG

[*)}

AAAAAARAAAAACCAAAARAAAAAAAACAAAAAAARAAAAUAAUUGACUAA UTR-1

i
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6 | GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGARAUAUAAGACCCCGGCGCCGCCACT UTR-2

2

0

6 | GAGAAUAAACUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCGCCACC UTR-3

2

1

6 | CAARACACCAUUGUCACACUCCA hsa-miR-122-
2 S5p

2

& | CUCCAGCCCCUCCAGGGCUUCCU hsa-miR-671-
2 Sp

3

6 | AARAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACCAUGGAGGACGCCAAGAACAUCAAR Luciferase

2| GAAGGGCCCGGCGCCCUUCUACCCGCUGGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGLCCAUG mRNA

4 | AAGCGGUACGCCCUGGUGCCGGGCACGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCU

ACGCGGAGUACUUCGAGAUGAGCGUGCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAA
CCACCGGAUCGUGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCLCUCUUC
AUCGGCGUGGCCGUCGCCCCGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGA
UCAGCCAGCCGACCGUGGUGUUCGUGAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAA
GCUGCCCAUCAUCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUG
UACACGUUCGUGACCAGCCACCUCCCGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGLUUCG
ACCGGGACAAGACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGT
CCUGCCGCACCGGACCGCCUGCGUGCGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUC
AUCCCGGACACCGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGG
GCUACCUCAUCUGCGGCUUCCGGCUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAG
CCUGCAGGACUACAAGAUCCAGAGCGCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGL
ACCCUGAUCGACAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGECLCCGCUGAGCA
AGGAGGUGGGCGAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGAC
CGAGACCACGAGCGCGAUCCUGAUCACCCCLCGAGGGGGACGACAAGLCCGGGCGCLGUGGGCAAGGUG
GUCCCGUUCUUCGAGGCCAAGGUGGUGGACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGG
GCGAGCUGUGCGUGCGGGGGCCGAUGAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGC
CCUCAUCGACAAGGACGGCUGGCUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUC
UUCAUCGUCGACCGGCUGAAGUCGCUGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGE
AGAGCAUCCUGCUCCAGCACCCCAACAUCUUCGACGCCGGCGUGGCLCGGGCUGCCGGACGACGALGL
CGGCGAGCUGCCGGCCGCGGUGGUGGUGCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUC
GACUACGUGGCCAGCCAGGUGACCACCGCCAAGARGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGG
UCCCGAAGGGCCUGACCGGGAAGCUCGACGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAA
GGGCGGCARGAUCGCCGUGAGCUAAGCUGCLCUUCUGCGGGGCUUGCCUUCUGGCCAUGCCCUUCUUC
UCUCCCUUGCACCUGUACCUCUUGGUCUUUGAAUAAAGCCUGAGUAGGAAGUAUCCCAAUGGCGCGC
CGAGCUUGGCAAAARAARRAAARAARARAARAAARAAARAARAAAAARAAARAAARARAARAARARRR
AAAAAAAAAARAAAAAAAARAAAAAAAAAANAARAAAAAAARMAA
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We claim:

1. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment; and

b) a 5” self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor, and

wherein the self-splicing intron is selected from Group I introns and Group II introns.

2. The circular RNA precursor of claim 1, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I
Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron {At), for example, the self-splicing intron has a nucleotide sequence
selected from any one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to any one of SEQ ID NO: 1-6.

3. The circular RNA precursor of claim 1 or 2, wherein the 3” self-splicing intron fragment is
the 3’ terminal portion of the self-splicing intron starting from an intron internal split site I to the
3" end of the self-splicing intron, and the 5’ self-splicing intron fragment is the 5° terminal portion
of the self-splicing intron starting from the 5' end of the self-splicing intron to an intron internal
split site II.

4. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
cyanobacterium Anabaena Group I Intron such as AnaX having a nucleotide sequence as set forth
in SEQ ID NO. 1, and the intron internal split site I[ and the intron internal split site [ respectively
correspond to nucleotide A at position 115 and nucleotide A at position 116 from 5’ end of SEQ
ID NO. 1.

5. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Azoarcus Group I Intron (Azo) which has a nucleotide sequence as set forth in SEQ ID NO. 2, and
wherein

1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 24 and nucleotide A at position 25 from the 5’ end of SEQ ID NO. 2; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to

nucleotide A at position 85 and nucleotide A at position 86 from the 5’ end of SEQ ID NO. 2; or
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3) the intron internal split site I and the intron internal split site I respectively correspond to
nucleotide C at position 71 and nucleotide C at position 72 from the 5" end of SEQ ID NO. 2; or

4) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 108 and nucleotide U at position 109 from the 5’ end of SEQ ID NO. 2;
or

5) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 154 and nucleotide A at position 155 from the §' end of SEQ ID NO. 2; or

6) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide C at position 198 and nucleotide A at position 199 from the 5’ end of SEQ ID NO. 2.

6. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Staphylococcus phage Twort Group I Intron (Twort) which has a nucleotide sequence as set forth
in SEQ ID NO. 3, and

1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide U at position 70 and nucleotide A at position 71 from the §' end of SEQ ID NO. 3; or

2) the intron internal split site IT and the intron internal split site T respectively correspond to
nucleotide U at position 103 and nucleotide A at position 104 from the 5" end of SEQ ID NO. 3;
or

3) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 132 and nucleotide U at position 133 from the 5" end of SEQ ID NO. 3;
or

4) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide U at position 173 and nucleotide C at position 174 from the 5' end of SEQ ID NO. 3;
or

5) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 206 and nucleotide A at position 207 from the 5" end of SEQ ID NO. 3; or

6) the intron internal split site 1T and the intron internal split site I respectively correspond to
nucleotide G at position 226 and nucleotide U at position 227 from the 5" end of SEQ ID NO. 3;
or

7) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide U at position 23 and nucleotide A at position 24 from the 5’ end of SEQ ID NO. 3; or

8) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 82 and nucleotide A at position 83 from the 5' end of SEQ ID NO. 3.

7. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Scytalidium dimidiatum Group I Intron (Sd) which has a nucleotide sequence as set forth in SEQ
ID NO. 4, and wherein
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1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 88 and nucleotide G at position 89 from the 5" end of SEQ ID NO. 4; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide U at position 173 and nucleotide G at position 174 from the 5’ end of SEQ ID NO. 4;
or

3) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 204 and nucleotide G at position 205 from the 5' end of SEQ ID NO. 4;
or

4} the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 252 and nucleotide G at position 253 from the 5' end of SEQ ID NO. 4;
or

5) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide C at position 370 and nucleotide G at position 371 from the 5" end of SEQ ID NO. 4.

8. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Scytonema-hofmani tRNA fMet group I intron (Sh) which has a nucleotide sequence as set forth
in SEQ ID NO. 5, and

1) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 129 and nucleotide A at position 130 from the 5’ end of SEQ ID NO. 5; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 60 and nucleotide A at position 61 from the 5' end of SEQ ID NO. 5; or

3) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 109 and nucleotide A at position 110 from the 5’ end of SEQ ID NO. 5; or

4) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 213 and nucleotide A at position 214 from the 5' end of SEQ ID NO. §.

9. The circular RNA precursor of any one of claims 1-4, wherein the self-splicing intron is
Agrobacterium-tumefaciens group I intron (At), and the intron internal split site II and the intron
internal split site I respectively correspond to nucleotide A at position 107 and nucleotide A at
position 108 from the 5'end of the At intron having a nucleotide sequence as set forth in SEQ ID
NO. 6.

10. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
cyanobacterium Anabaena Group I Intron such as AnaX, and the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
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identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at lcast 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at lcast 93%, at least 94%, at lcast
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: §.

11. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Azoarcus
Group I Intron (Azo), and the 3' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at least 75%, at
least 80%, at least 8 1%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID
NO: 9, 11, 13, 15, 17 or 19, and the §' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at lcast
86%, at least 87%, at lecast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

12. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd), and the 3' self-splicing intron fragment comprises or consists of
a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment comprises or consists of
a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 38, 40, 42, 44 or 46.

13. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
Staphylococcus phage Twort Group I Intron (Twort), and the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NQO: 21, 23, 25, 27, 29, 31,33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5" self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

14. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Scytonema-
hofmani tRNA fMet group I intron (Sh), and the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 47, 49, 51 or 53 and the 5' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 48, 50, 52 or 54.

15. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
Agrobacterium-tumefaciens group I intron (At), and the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

16. The circular RNA precursor of any one of claims 1-15, which further comprises from 5§'
to 3' direction: optionally a first residual circularizing element; a nucleotide sequence of interest;
and optionally a second residual circularizing element, located between a) and b), wherein the total
length of the first residual circularizing element and the second residual circularizing element is

about 0 to about 500 nucleotides; and/or
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the circular RNA precursor further comprises a homology arm sequence I upstream of the 3’
self-splicing intron fragment and a homology arm sequence II downstream of the 5’ self-splicing
intron fragment.

17. The circular RNA precursor of claim 16, comprising from 5' to 3' direction:

1) the 3’ self-splicing intron fragment;

ii) the first residual circularizing element;

iii) the nucleotide sequence of interest;

iv) the second residual circularizing element; and

v) the 5’ self-splicing intron fragment.

18. The circular RNA precursor of claim 16 or 17, wherein the first residual circularizing
element comprises or consists of from 5’ to 3” direction a 3' exon region and optionally a first
spacer, the second residual circularizing element comprises or consists of from 3’ to 5” direction a
5' exon region and optionally a second spacer.

19. The circular RNA precursor of claim |8, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3 self-splicing intron fragment and the 5° self-
splicing intron fragment.

20. The circular RNA precursor of claim 19, wherein 3' exon region is a sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at lcast 86%, at lcast 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% sequence identity to the native 3' exon or a contiguous fragment of about 1- about 50
nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the native 5'
exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

21. The circular RNA precursor of any one of claims 16-20, wherein the nucleotide sequence
of interest comprises at least one protein-coding sequence and a translation initiation element such
as an internal ribosome entry site (IRES) operably linked thereto.

22. The circular RNA precursor of claim 21, wherein the translation initiation element is an

internal ribosome entry site (IRES), wherein said IRES is selected from the following IRES
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sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ting spot virus, swine fever virus, human FGF2, human SFTPAT,
Human AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
Human LEF1, Mouse HIFla, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-src, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1, PV1, or CAV2.

23. The circular RNA precursor of claim 22, wherein the IRES comprises a nucleotide
sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence having at
least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to one of SEQ ID NOs: 120-526.

24, The circular RNA precursor of any one of claims 21-23, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use;

for example, the at least one protein-coding sequence encodes IL-2, or an aquaporin, such as
AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from the
AQP-1 protein through substitution, deletion or addition of 1, 2, 3,4, 5,6, 7, 8, 9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

25. The circular RNA precursor of any one of claims 21-24, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
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89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

26. The circular RNA precursor of any one of claims 16-23, wherein the nucleotide sequence
of interest is a non-coding sequence, for example, the non-coding sequence can be an antisense
RNA, aptamer, guide RNA, or non-protein-coding RNA existing in any organism.

27. The circular RNA precursor of any one of claims 1-15 comprising from 5' to 3' direction:
the 3’ self-splicing intron fragment; a nucleotide sequence of interest; and the 5° self-splicing intron
fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA which is formed by the nucleotide sequence of interest through the self-splicing of
the circular RNA precursot;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site II at its 5’ end and a circularizing
sequence fragment I comprising a ribozyme recognition site T at its 3° end,

wherein the circularizing sequence fragment [ is the 5’ terminal portion of a circularizing
sequence, and the circularizing sequence fragment 1T is the a 3” terminal portion of a circularizing
sequence, and

wherein the ribozyme recognition site I is connected with the ribozyme recognition site II in
the generated circular RNA, and thus the circularizing sequence fragment 1 is connected with the
circularizing sequence fragment II to form a circularizing sequence.

28. The circular RNA precursor of claim 27, wherein the circularized nucleotide sequence of
interest comprises one or more sequences selected from the following group: at least one protein
coding sequences, a non-coding sequence, translation initiation element (TIE), a non-TIE
functional element or any combination thereof.

29. The circular RNA precursor of claim 27 or 28, wherein the circularizing sequence is
selected from at least one protein-coding sequence, a non-coding sequence, a translation initiation
element (TIE), or a non-TIE functional element.

30. The circular RNA precursor of any one of claims 1-15, comprising from 5' to 3' direction:
the 3’ self-splicing intron fragment; a nucleotide sequence of interest; and the 5’ self-splicing intron
fragment,

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA which is formed by the nucleotide sequence of interest through the self-splicing of

the circular RNA precursor and which comprises at least one protein-coding sequence;
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wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is the 5’ terminal portion of the at least one
protein-coding sequence, and the protein-coding sequence fragment II is the 3’ terminal portion of
the at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

31. The circular RNA precursor of claim 30, wherein the generated circular RNA comprises
at least two protein-coding sequences, and a further translation initiation element, 2A sequence or
spacer may be linked between any two adjacent protein-coding sequences, and the translation
initiation element comprises: IRES sequence, 5° UTR sequence, Kozak sequence, a sequence
containing m6A, a sequence complementary to ribosome 18S rRNA, or any combination thereof.

32. The circular RNA precursor of any one of claims 29-31, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured such that the circular RNA precursor
comprising them has a high circularization efficiency.

33, The circular RNA precursor of any one of claims 29-32, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site II is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, suchas 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95,96, 97, 98, 99, or 100 nucleotides in length.

34, The circular RNA precursor of any one of claims 29-33, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,
about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,

about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
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nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28,29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,775,176, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

35. The circular RNA precursor of any one of claims 29-34, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured to be capable of forming a stem-loop
structure, e.g., upon self-splicing for circularization.

36. The circular RNA precursor of claim 35, wherein the loop of the stem-loop structure
comprises the splicing junction.

37. The circular RNA precursor of any one of claims 29-36, wherein the ribozyme recognition
site I comprises the sequence structure of the following formula: 5'-third non-pairing sequence-
third pairing sequence-third loop sequence-3"; and the ribozyme recognition site II comprises the
sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing sequence-
fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

38. The circular RNA precursor of any one of claims 29-37, wherein the ribozyme recognition
site II can be selected from various sequence.

39. The circular RNA precursor of claim 37 or 38, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

40. The circular RNA precursor of any one of claims 37-39, wherein the fourth loop sequence
consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n
represents an integer from 1-20, for example, 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20.

41. The circular RNA precursor of any one of claims 37-40, wherein the fourth loop sequence
comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA, or GAAA,
preferably AAAA.

42. The circular RNA precursor of any one of claims 37-41, wherein the ribozyme
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recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

43. The circular RNA precursor of any one of claims 37-42, wherein the third loop sequence
comprises or consists of one or more nucleotides which can pair with the internal guide sequence
(IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

44. The circular RNA precursor of any one of claims 37-43, wherein the third loop sequence
comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such as CUU,
CAU or CUC, preferably CUU.

45. The circular RNA precursor of any one of claims 37-44, wherein the loop of the stem-
loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

46. The circular RNA precursor of any one of claims 29-45, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafthopper virus-1, human immunodeficiency virus type 1, glass leafhopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPAI,
Human AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-sre, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PVI L,
CAV2 L, BRAV-1, PV1, or CAV2.
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47. The circular RNA precursor of any one of claims 29-46, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, ¢.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at lcast 89%, at lecast 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

48. The circular RNA precursor of any one of claims 29-47, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use, in particular a protein of mammalian or human origin.

49. The circular RNA precursor of any one of claims 29-48, wherein the at least one protein-
coding sequence encodes IL.-2, or an aquaporin.

50. The circular RNA precursor of claim 49, wherein the aquaporin is AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

51. The circular RNA precursor of any one of claims 29-50, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at lecast 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

52. The circular RNA precursor of any one of claims 29-51, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 530, 531 and 533-534, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 530, 531 and 533-534.

53. A nucleic acid vector for generating a circular RNA molecule, said vector comprises a
coding sequence of the circular RNA precursor of any one of claims 1-52.

54. The nucleic acid vector of claim 53, which further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor.

55. The nucleic acid vector of claim 53 or 54, wherein the promoter is a T7 RNA polymerase
promoter, a T6 viral RNA polymerase promoter, a SP6 viral RNA polymerase promoter, a T3 viral
RNA polymerase promoter or a T4 viral RNA polymerase promoter, preferably a T7 RNA

polymerase promoter.
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56. A circular RNA, which is prepared from the circular RNA precursor of any one of claims
1-52, preferably said circular RNA has a duration of in vivo expression of at least 24 hours, for
example, 36 hours, 48 hours, 72 hours, 96 hours, 5 days, 10 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days or more.

57. The circular RNA of claim 56, which comprises or has a nucleotide sequence of any one
of SEQ ID NO: 543-558, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to
any one of SEQ ID NO: 543-558.

58. Use of the circular RNA precursor of any one of claims 1-52 and/or the circular RNA of
56 or 57 as an expression vector.

59. A pharmaceutical composition comprising the circular RNA precursor of any one of
claims 1-52 and/or the nucleic acid vector of any one of claims 53-55 and/or the circular RNA of
claim 56 or 57, and a pharmaceutically acceptable carrier.

60. A product expressed by the circular RNA of claim 56 or 57.

61. The product of claim 60, which comprises I1.-2, POLR2A, or an aquaporin, such as AQP-
1 protein having a sequence as set forth in SEQ ID NO: 118 or a protein having the same activity
as the AQP-1 protein and derived from the AQP-1 protein through substitution, deletion or addition
of1,2,3,4,5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

62. A method for preventing or treating a disease or condition in a subject, comprising
administering to a subject the circular RNA of any one of claims 56-57, or the pharmaceutical
composition of claim 59.

63. The method of claim 62, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

64. Use of the circular RNA of claim 56 or 57 or the pharmaceutical composition of claim 59
in the manufacture of a medicament for preventing or treating a disease or condition in a subject.

65. The use of claim 64, wherein the disease or condition is xerostomia, xerophthalmia, or

Sjogren's syndrome.
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